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INTRODUCTION 


The  purpose  of  this  thesis  is  to  review  and  discuss  the 
studies  dealing  vtrith  the  effect  of  heat  upon  imnune  sera.  For 
the  sake  of  completeness  and  in  order  to  give  the  earlier 
workers  the  credit  due  them  the  early  papers  will  be  included 
but  they  will  not  be  considered  v/ith  tiie  thoroughness  devoted 
to  some  of  the  later  papers.  This  procedure  was  decided  upon 
because  later  experimenters  have  the  advantage  both  of  moie 
extensive  knowledge  of  antibodies  and  of  more  precise  and 
better  techni^es  in  investigating  them.    Some  of  the  more 
recent  reports  of  experiments,  in  which  physical  and  cheniical 
denaturing  agents  other  than  heat  were  used,  v/ill  be  considered 
and  the  results  compared  with  those  obtained  with  heat. 
Some  experimental  work  by  the  author  will  be  presented. 

REVIB.tf  OF  THE  LITIuR/VTURE 

The  studies  of  tne  effect  of  heat  on  immune  sera  can  be 
grouped  conveniently  into  tiu-ee  periods.    The  first  period 
extends  roughly  from  the  late  eighteen  nineties  to  1910,  the 
second  from  1910  to  about  1935,  and  the  third  from  1935  to  the 
present. 

Probably  the  first  experiments  to  determine  the  effect  of 
heat  upon  antibody  were  those  of  Bordet  (12)  in  1899.  He  used 
sera  from  the  goat,  guinea  pig  and  rabbit  that  contained  m 


some  oases  normal  agglutinins  for  V.oonima  and  in  others  the 
iminiine  agglutinins,    a  temperature  of  bi>  degrees  C  had  little 
effect,  ol  to  62  degrees  C  vfeakened  the  agglutinins  and  at  70 
degrees  C  the^r  vvere  inactivated.    Since  he  found  the  agglutin- 
ins present  in  rabbit  serum  more  resistant  than  those  in  the 
goat  and  guinea  pig  serum,  he  concluded  tiiat  species  differ- 
ences existed  with  regard  to  tae  resistance  of  agglutinins  to 
heat.    I'hree  years  later  Eisenberg  and  Volic  (22)  and 
Eisenberg  (21)  studied  the  effect  of  heat  on  both  agglutinin 
and  precipitin  which  they  found  to  be  destroyed  above  00 
degrees  C.    But  they  made  the  important  obbervt^tion  that  while 

both  were  destroyed  if  judged  by  their  ability  to  show  visible 
reactions  such  as  agglutination  of  bucteria  or  precipitation 
of  soluble  antigen,  the  antibodies  were,  nevertheless,  still 
able  to  combine  with  their  specific  antigens.    ICraus  (53  ) 
in  a  review,  Prazipitine,  stated  that  he  and  von  Piriuet  were 
the  first  to  observe  tiiis  property  with  bacterial  precipitins 
when  precipitating  seruia  was  heated  at  50  to  60  degrees  C. 
Later  he  said  it  waa  observed  for  other  precipitins  by 
Muller  (63).  Eisenberg  (53),  and  Oppenheimer  and  Michaelis 
(t)3);  all  these  investigators  fo\md  that  a  temperature  of  70 
degrees  C  was  required  to  destroy  precipitating  power  and  leave 
the  power  to  cotibine. 

Kraus  referred,  also,        papers  by  Vschistowitsch  and 
Myers  (53)  who  reported  precipitins  for  serum  and  proteins 
wholly  destroyed  at  60  degrees  C.  and  to  one  by  Pick  {^^)  who 
found  bacterial  precipitin  destroyed  at  this  same  temperature. 
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Solunidt  (53a),  he  suid,  had  observed  slovfer  floooulation  in 
diluted  precipitating  serum  after  it  wtis  heated  one  half  hour 
at  70  degrees  C.    Other  reviews  in  Kolle  and  .msaermann  were 
consulted  for  reports  of  the  early  expcrimentB  publisiied  in 
foreign  journals,  especially  the  Gennun  and  French. 

In  the  artjLole,  X)ie  iigglutinatioii,  paltauf  discussed 
the  papers  dealing  vvith  the  effect  of  heat  on  both  normal  and 
imraiine  agglutinins.     Rodet  {64q)  reported  that  normal  and  inunune 
agglutinins  for  K.typhosa  in  rabbit  serum  differed  in  their 
resistance  to  heat,  the  normal  being  destroyed  at  iO  to  58 
degrees  G  and  tie  imra\ine  withstanding  bO  to  o2  degrees  C  without 
damage.    Bail  (644,  using  normal  bovine  serum  found  its  agglu- 
tinating  power  completely  destroyed  at  5b  degrees  C.  llegree 
and  Raynaud  (64e)  in  experiments  with  normal  serum  -  probably 
human  -  containing  agglutinins  for  B.melitensis ,  D. pneumoniae , 
and  Staphylococci  found  two  xinds  of  agglutinins  present;  one 
was  specific  and  v/ithstood  heating  to  56  degrees  C,  and  the 
other,  not  specific,  xms  destroyed  at  5b  degrees  C. 

paltauf  considered  in  varying  detail  the  papers  of  Pick 
(64tJ,  Rodella  (64fc)  ,  Widal  and  Sicard  (^  ,  and  Joos  ([64c)  that 
dealt  with  the  immune  agglutiuxns.    Pick  (641)  reported  tliat 
albumiii-free  immune-globulin  obtained  from  e  jiine  antityphoid 
serum  by  repeated  precipitation  with  salt  withstood  a  tempera- 
ture of  80  to  90  degrees  C  without  substantial  injury,  and  even 
short  boiling  as  long  as  coagulation  was  prevented  by  the 
presence  of  urea.     In  tiie  absence  of  urea  coagulation  occuri*ed 
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at  75  G  and  the  finely  flocoulant  material  even  vjhen  dissolved 
iamediately  oontained  no  agglutinins.     These  ag^rlutinins  for 
S«  typiiosu  were  in  the  pseudoglobulin  of  the  serum.  The  ag- 
glutinins for  V.  cholei'a  which  were  in  the  euglobulin  of  e(|ulne 
serum,  Piilc^^ound  were  less  resistant  to  heat  with  destruction 
ooourring  at  teraperatures  over  66  C»    Rociella  (o4b)  observed 
that  agglutinins  present  in  Proteus  tuitiseruin  withstood  a 
temperature  of  80  u;  and  iidal  and  sioard  (t)4b)  that  those 
present  in  aiititypholQ  serura  ;7ithstood  a  temperature  of  75  u. 
Joos  (46)  studied  the  agglutinins  for  K.typhosa,    He  thought 
there  were  two  moaif loations ,  one  of  which  was  altered  at  60 
to  62  C,  but  not  the  other  which  was  neither  altered  at  6E  C 
nor  after  one  and  one  half  hours  at  66  C. 

Paltauf  (64)  and  Marrack  {b8)  referred  to  the  experiments 
of  Streng.and  Madsen  and  btreng  who  studied  the  rate  of 
destruction  of  E.  typhosa  and  HJ.coli  agglutinins  at  tempera turei i 
from  66  to  76  C.     In  most  oases  the  reaction  representing  the 
rate  of  destruction  was  uiiimolecular,  but  in  some  oaaes  it 
appeared  to  be  bimolecular.    Marrack  pointed  out  that  the 
apparent  aeviations  from  the  uiiimolecular  type  might  have  been 
due  to  the  presence  of  both  flagellar  and  somatic  ag^:lutinins. 

In  an  article  by  Friedberger  (<i8),  Die  bakteriziden  Sera, 
also  in  Kolle  and  Wassermann,  experiments  are  mentioned  that 
dealt  with  the  destructive  effect  of  heat  on  the  autolyzing 
power  of  anticholera  serum.    A  temperature  of  60  C  for  20  hours 


hud  little  effeot;  70  C  for  one  hour  almoat  wholly  de8tro;/ed 
the  uiitibcdy. 

(80) 

la  a  third  article  by  .msaermann  anu  ./asaeruiann/it  was 
stated  that  antitoxic  sera  be^-an  to  be  injured  at  60  to  70  C 
and  were  very  rapidly  destroyed  at  boilin^^  heat.     Such  sera 
when  dry  would  withstand  one  half  hoia-  at  110  c  and  one  quarter 
hour  at  140  C. 

Robert  Doerr  (18)  in  a  review  of  tne  subject  of  allergy 
and  anaphylaxsis  stated  that  anaphylactic  antibody  v^as  not  des- 
troyed at  5b  C. 

Buxuon  and  Torrey  (13)  discussing?  the  formation  of  ag^^lu- 
tinoids  said  tiieir  experiments  with  antityphoid  sera  in  agree- 
ment with  those  ol  others  showed  that  v/hen  ordinary  iciLiune 
serum  vTas  heated  agglutinin  began  to  be  ciianged  to  agglutinoid 
after  30  minutes  at  6i>  to  7i>  C.    They  found  no  ag^rlutinins  left 
after  30  minutes  at  76  C,  but  the  ag^-lutinoids  were  at  their 
maximum.    The  agglutinoida  in  turn  were  considerably  destroyed 
at  80  C  and  entirely  at  6^^ 

'i'he  view  tends  to  persist  that  antibodies  present  in 
normal  sera  are  more  heeit-labile  than  those  present  in  immune 
sera.    Xandsteiner  {b6  )  was  inclined  to  think  this  was  a  fact 
and  he  stated  aefinitely  that  it  was  true  with  regard  to  the 
hemagglutinins,    Hov/ever,  the  experiments  of  Felix  and  olitzki 
(25)  with  immune  and  normal  rabbit  serum  both  containing  0 
agglutinins  for  E.typhosa  did  not  demonstrate  any  difference 
in  the  way  these  sera  were  af fee tea  by  heat.     They  reported, 
also  no  difference  m  resistance  to  heat  bevweon  normal  and 
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immune  agf^lutinina  for  B.  dysenteriae.    Two  uore  reoeiit  papers, 
one  very  extensive  study  by  Gibson  (♦^0),  ^nd  tne  other  by  Jordan 
(47)  support  the  view  that  normal  agglutinins  are  less  resistant 
to  heat  tending  to  be  destroyed  at  60  to  6L  C. 

Sinoe  a  comparison  of  normal  and  immune  agglutinins  is  not 
of  major  importance  in  this  thesis  the  discussion  vfill  be  closed 
with  a  few  comments  which  may  explain  partly  the  discrepant 
results  that  have  been  obsejrved  in  comparinff  the  effect  of  heat 
upon  normal  and  iranune  antibody,     ./e  know  now  tliat  the  same 
immune  «erum  may  contain  more  than  one  antibody  capable  of 
reacting  specifically  with  a  sin^^le  anti^jen.    There  have-  been  a 
number  of  papers  published  which  establish  this  asj  a  fact. 
Among  them  are  those  of  Hooker  ( 40,  4!^  ,  Landsteiner  and  van  der 
Soheer  (i^^).    ,/e  have  learned  that  the  manner  in  which  a  complex 
antigen  ia  introduced,  whether  injected  intraveiiously  or  sub- 
outaneously  influences  the  response  of  the  animal  (70),  Another 
factor  determining  the  type  of  antibody  or  antibodies  present  in 

a  given  serum  is  the  length  of  time  iimnunizatioa  has  been 
carried  on  before  bleedin.e  are  made  (4^^),      Landsteiner  (^^ 
referred  to  this  as  a  factor  affecting  the  thermal  lability  of 
antibody,  -  the  antiboay  becoming  more  resistant  to  heat  as 
immunization  was  continued. 

i^hen  aiioh  facta  are  taicen  into  considerution  it  is  not 
difficult  to  think  that  in  some  instances  the  normal  and  immune 

antibodies  being  compared  were  identical,  or  nearly  so,  and  v/ere 
similarly  affected  by  heat;  wiiile  in  other  cases  the  antibodies 
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were  different  enough  in  structure  so  that  they  were  not  des- 
troyed at  the  same  temperature. 

In  addition  the  earlier  experimenters  did  not  know  about 
the  flagellar  and  somatic  antigens  present  in  socie  of  the 
bacteria  »vith  which  they  were  working.     Smith  and  Reagh  (74) 
described  these  antigens  in  1903.     In  the  following  year  Beyer 
and  Reagh  (10)  reported  the  different  heat-lability  of  their 
respective  agglutinins.    Hot  much  attention  v/us  paia  to  these 
observations  until  fifteen  and  raore  years  later  when  r/eil  and 
Felix  (81)  published  the  results  of  their  studies  with  the  0 
and  H  antigen  of  Proteus  X^^  and  then  with  the  0  and  H  antigens 
of  the  typ no id -para typhoid  group.    A  few  years  later,  oroutt 
(63)  established  the  identity  of  the  H  and  flagellar  agglutin- 
ins and  of  the  0  and  somatxo.     Since  it  has  been  convincingly 
demonstrated  that  these  two  agglutinins  are  dissimilarly  affect* 
ed  by  heat,  and  also,  that  only  one,  or  both  may  be  present  in  i 
given  seruTfl,  it  is  possible  experimenters  reporting  discrepant 
results  were  not  working  with  the  same  antibody. 

rfhat  was  learned  concerning  the  effect  of  heat  on  antibody, 
during  this  first  period  can  be  summarized  as  follows: 
(1)  Antibodies  can  be  destroyed  by  heat,  but  the  critical  tem- 
perature is  not  the  same  for  all  antibodies.     (2)  Some  anti- 
bodies are  present  in  the  pseudoglobulin  fraction  of  serum  and 
some  in  the  euglobulin  and  tiriese  appear  to  differ  in  their 

thermal  lability.     (3)  Species  differences  may  exist  with 
regard  to  the  resistance  of  antibody  to  heat.     (4)  Normal  and 
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immune  antibodies  may  differ  in  their  lability  to  heat.  (5) 
Ag^lutinoids  and  preoipitoida  are  formed  when  immune  sera  are 
heated.     (6)  Flagellar  and  eoraatic  agglutinins  can  be  differ- 
entiated by  their  resistance  to  heat.     (7)  Certain  substanoee, 

for  example,  urea,  tnat    prevent  the  coagulation  of  protein  will 
prevent  destruction  of  agglutinins.     (8)  In  many  instances  the 
destruction  of  antibody  by  heat  occurs  as  a  unimolecular 
reaction. 

This  first  period  was  an  exploratory  one  which  followed 

soon  after  the  recognition  of  antibody.    Some  of  the  experi- 
mental work  was  not  extensive  and  v^as  not  adequately  controlled 
with  regard  to  soiae  factors  which  were  not  known  or  trie  import- 
ance of  which  was  not  recognized.     It  remained  for  the  acient*- 
ists  of  later  periods  to  repeat,  re-interpret,  ana  extend  the 
experimental  work  dealing  with  the  destructive  or  alterative 
effects  of  heat  upon  autibody. 

During  the  seooiid  period  extending  frooi  1910  to  about  1935 
the  antibodies  m  immune  sera  became  important  therapeutic 
agents  in  the  treatment  of  infectious  diseases.     Of  the  thera- 
peutic sera  diphtheric  antitoxin  and  antipneumocoocal  serum  werr 
studied  extensively.    The  studies  dealing  with  the  effect  of 
heat  on  antitoxin  were  concerned  mainly  with  temperatui-e  during 
storage  as  a  factor  in  loss  of  potency,  and  with  heat  as  an 
effective  measure  in  the  purification  of  crude  sera. 

Anderson  (  1  )  found  that  diphtheric  antitoxin  lost  10  per 
cent  of  its  potency  per  year  when  it  was  kept  at  a  temperature 
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of  lb  C.    This  rosult         confirmed  by  MacConkey  {i^8).  He 
studied,  also,  Iosb  at  3b  fl,  whioh  he  found  to  be  LO  per  cent 
per  an:ium.    Glenny  (31)  stored  antitoxin  at  37  C  for  seven  yean 
and  reported  a  loss  in  potency  of  over  90  per  cent,  Marrack 
(69)  has  oomiaented  upon  the  fact  that  in  the  destruction  of 
antibotiy  by  heat  and  in  the  denaturation  of  proteins  by  heat  th( 
retiotions  are  usually  of  the  unimoieoular  type.    He  observed 
that  it  J.S  possible  from  data  available  to  calculate  the  rate  o:' 
destr-uc tiOii  at  different  temperatures.    For  example,  it  would 
require  "...some  tnousand  yetirs  to  destroy  as  much  antibody  at 
40  C  as  is  destroyed  in  one  hour  at  70  C".    Since  this  did  not 
agree  with  the  results  of  Glenny  mentioned  above  llarracic 
thought  different  processes  were  involved. 

i/hen  Banzhaf  (4  )  found  txiat  heating  crude  diphtheric  anti- 
toxin at  57  C  for  12  to  15  hours  resulted  in  the  loss  of  only  7 
per  cent  of  the  antitoxin  he  provided  the  basis  of  the  method 
atill  used  in  sone  laboratories  in  purifying  and  concentrating 
diphtheric  antitoxin.    Jhen  the  crude  antitoxin  v/us  heated  under 
these  conditions  the  amount  of  serum  protein  precipitated  by 
different  ooncentrtvtions  of  (XfH^jgSO^  was  increased  in  some 
instances  and  decreased  in  others:  10  per  cent  of  euglobulin 
increased  to  41;  pseudoglobulin  and  albumin  decreased  frori  76 
to  50  per  cent  and  from  12  to  9  per  cent  respectively,     ./ith  tho 
exception  of  the  7  per  cent  whioh  v/as  lost,  all  tne  antitoxin 
was  reooyrered  in  the  pseudoglobulin. 

Usually  this  purifieu  and  concentrated  antitoxin  flocculate  i 
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much  more  slowly  than  the  or\ide  antitoxin.    Slight  denaturation 

of  the  antitoxin  by  heat  and  removal  of  the  lipids  present  in 
serum  have  been  offered  as  explanations  of  this  changed  react- 
ivity.   But  recent  wor]c  proviaes  a  better  explanation.    The  in- 
teresting papers  of  Barr  (  5  )  and  Barr  and  Glemiy  (  6  )  publish- 
ed more  than  ten  years  ago  indicated  that  there  was  more  than 
one  antitoxin  in  crude  serum.    More  recent  investigations  by 
Pappenheimer  et  al  (66)  ,  by  Kelcwick  and  Record, /and  icekwick  et 
al  (49)  have  establisned  defijaitely  the  presence  of  two  anti- 
toxins with  different  chemical  and  physical  properties.  These 
last  tvvo  studies  in  wnich  the  electropnoretic  method  of  analysis 
was  used  showed  that  tiie  V  antitoxin  present  in  theV  globulin 
was  precipitated  with  the  euglobulin,  and  the  |^  antitoxin  present 
in  the  ^  globulin  was  precipitated  ;vith  the  pseudoglobulin.  The 
former,  a  rapidly  flocculating  antitoxin  is  lost  in  the  usual 
methods  of  concentration,  so  that  concentrated  antitoxin  con- 
sists of  the  more  slowly  flocculating  ^antitoxin. 

In  1934  Gerlough  and  white  (ii9)  studied  the  effect  of  heat 
on  crude  tetanal  antitoxin  under  conditions  differin^^  v/ith  re- 
gard to  pH,  concentration  of  phenol,  and  concentration  of 
neutral  .salts.    Since  the  minimum  rate  of  destruction  under 
various  conditions  occurred  at  pH  O.b  to  7.3,  they  concluded 
the  process,  by  which  the  antitoxin  was  destroyed,  was  a  hydro- 
lytic  one  catalyzed  by  JI^  and  OH"  .    Phenol  increased  the  rate 

maricedly,  a  concentration  of  0.i>  pf^r  cent  causing  an  increase  of 
approximately  28  times.     In  the  presence  of  neutral  salts  the 
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the  rate  was  at  a  maximum  at  a  total  ioiiio  strength  between  0.6 
and  0,9yVt,  but  when  the  amount  of  neutral  aalts  was  increaiiea, 
the  rate  deoreasea.    Plasma  was  adjusted  to  pH  b..7  or  6.8  and 
the  rate  of  destruction  ueteriained  at  60  to  oli  C.    At  bO  C  the 
reaction  follo./ed  a  unimoleoular  course  reasonably  well,  but  at 
66  C  it  did  not  do  so  in  the  later  stages  of  the  reaction. 

Hartley  (^5)  has  referred  to  the  experiments  of  iladsen  and 
V/albam  with  diphtheric  antitoxin  in  vyhich  they  determined  the 
rate  of  destruction  at  6ii  to  74  C.    These  authors,  he  said, 
concluded  that  the  reaction  representing  loss  of  potency  was  a 
biraoleoular  one. 

During  this  period  there  v^ere  many  studies  dealing  .vith  th< 
flagellar  and  somiitic  anti^rens  and  theii-  corresponding  agglut- 
inins.   According  to  Topley  and  ./ilson  (7b)  the  first  reports 
of  the  existence  of  these  two  agglutinins  received  little  atten- 
tion until  .ieil  and  Felix  published  their  papers.  Arkwright 
(  2 )  has  referred  to  and  discuused  these  in  a  review.    He  says 
that  they  founu  tiie  0  agglutinin  was  destroyed  in  30  minutes  at 
70  C  while  the  II  af<glutinin  was  only  partly  destroyed  at  this 
temperature.    Orcutt  (63)  confirmed  the  woric  of  Beyer  and  Reagh 
(10)  with  hog-cholera  bacillus  in  fiiiding  the  0  or  somatic 
agglutinins  destroyed  at  70  C  wtiile  the  flagellar  agglutinins 
were  not  appreciably  affected  at  this  temperature.    After  being 
heated  at  75  G,  the  latter  reacted  more  slowly. 

Felix  and  Olitzki  (ai))  reported  that  when  ag^^lutiiiating 
sera   i/ere  diluted  before  they  were  heateo,  the  lost;  in  potency 
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was  less  in  the  more  dilute  samples.     »'/ith  regard  to  the  effect 
of  heat  Oil  0  and  H  agglutinins  their  results  were  in  agreement 
with  those  of  other  vvoricers.    They  said  the  ag^^lutinins  for 
B.raelitenais  had  the  same  themal  lability  as  the  0  agglutinins 
but  those  for  the  Flexner  and  Y  strains  of  the  Shigella  were 
more  resistant  than  the  0  a^^^-lutinins  but  much  less  so  than  the 

H  agfilutiuins.    It  is  interest iiir,  that  they  found  the  0  agglut- 

of  patients 

inin  for  Proteus  X-j^g  lii  tne  serum,^%itTi  typhus  less  resistant 
to  heat  than  the  agglutinin  in  the  sera  of  rabbits  immunized 

with  Proteus  X-^^,    But  the  0  agglutinin  present  in  the  serum 
of  a  patient  infected  v/ith  Proteus  v/as  as  resistant  to  heat  as 
thfit  in  the  imraune  rabbit  serum. 

Two  interesting  papers  by  Jones  (44,4i))  were  published  in 
1927  and  1928.    The  first  dealt  with  the  effect  of  heat  on 
these  antibociies  present  in  imaiune  rabbit  serum:  flagellar  and 
somatic  agglutinin,  red-cell  agglutinin,  hemolysin  and  precipi- 
tin.   All  the  sera  were  diluted  1:2  or  1:4  before  they  were 
heated.    After  being  heated  the  different  antibodies  were 
entirely  inactivated  us  follows:  the  somatic  a^^^glutinin  and 
precipitin  at  7b  G,  the  red-cell  agg  lutinin  at  80  C  and  the 
hemolysin  at  86  C.     Some  flagellar  agglutinin  remained  even 
after  the  serum  was  heated  at  90  C.     Jhile  the  activity  of  all 
except  the  red-cell  agglutinin  v/as  diminished  after  20  minutes 
at  65  C,  it  showed  a  sharp  decline  at  70  C,  a  temperature  at 
which  the  otxier  antibodies  v/ere  fairly  stable.    All  of  the 
antibodies  were  unaffected  after  b  hours  at  60,   66  and  60  C. 
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All  exoept  the  flagellar  agglutinin  were  destroyed  after  longer 
periods  at  60  C. 

In  the  seooad  investigation  the  iahibiting  effect  of  heat- 
ed imiaune  aera  ^/ua  studied.    The  xintiaera  were  prepared  in 
rabbits  vvith  B.abortub  and  with  a  laotile  strain  of  hog-cholera 
bacillus  aa  antif^ena,     j/ith  both  of  these  antiaera  Jones  .vas 
able  to  deiaonatrate  a  specific  inhibitiiig  effect  on  the  unheat- 
ed  aera.    The  antiserura  to  B. abortus  shov/ed  this  inhibition 
after  20  minutes  at  70,  75,  or  80  C;  the  other  antiserum  showed 
this  effect  raost  raarkedly  after  20  minutes  at  75  C.    Both  had 
neither  inhibiting  nor  agglutinating  powifer  after  being  heated 
at  90  C.     Without  giving  the  detailaof  the  experiment  Jones 
said  tiiat  antiaera  for  B. abortus  heated  at  70,  75,  and  80  C 
entirely  or  partially  fixed  complement.     In  addition  he  made  thi 
interesting  observation  that  orgaiiiama  exposed  to  their  homo- 
logous heated  seruia,  subae^juently  removed,  and  washed  with 
physiological  salt  solution  were  agglutinated  by  antirabbit 
serum.    Thus  he  showed  beyond  doubt  tiiat  inhibiting  nonfloocu- 
lating  antibody  was  able  to  coabine  with  its  antigen. 

In  experiments  designed  lo  fiiJdan  explanation  for  the 

inhibition-zone  Shibley  (71)  utilized  the  inhibiting  effect  of 

heated  immune  serum.    His  agglutinating  antisera  were  prepared 

in  the  rabbit  or  xa  the  horse  v/ith  E.typhoaa,  B.meliteni^ is , 

D. pneumoniae ,  and  several  of  the  Shigella  as  antigens.  In  all 

cases  the  sera  were  diluted  either  1;5  or  1:10  in  salt  solution 
before  they  were  heated,  because  he  found  that  when  they  were 
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heated  in  stronger  dilutions  or  ujidiluted  the  sera  becane 
turbid.    Both  the  temperature  used  and  the  time  of  exposure  to 
this  temperature  proved  to  be  important  in  effecting:  the  pheno- 
menon of  inhibition.    Different  temperatures  were  req[uired  for 
different  sera,  the  range  being  from  62  to  76  C  with  short 
periocis  of  exposure  -  6  to  10  minutes.    The  point  at  v/hich  all 
agglutination  was  abolished  ranged  from  b4  to  78  C.     It  was 
possible  to  produce  an  inhibition  zone  by  heating  for  prolonged 
perioas  at  lovirer  temperatures;  for  example  comparable  zones 
were  produced  by  heating  the  same  serum  for  10  minutes  at  66  C 
and  for  4  hours  at  69  C.     In  general  the  time  required  for  the 
inhibition-zone  to  appear,  to  become  complete,  and  for  all  ag- 
glutinating power  to  be  destroyed  was  more  or  less  proportional 
to  the  temperature.    Jiii  experiment  in  which  antishiga  serum  was 
heated  for  10  minutes  at  temperatures  ranging  from  bb  to  76  C 
showed  an  interesting  and  puzzling  result:  the  inhibition-zone 
appeared  at  64  C;  widened  to  reach  a  peak  at  66  to  69  C;  became 
narrower  at  70  C  and  from  71  to  74  C  agglutination  occurred  as 
it  had  before  the  serum  was  heatea  with  the  excepi^ion  of  a 
slight  lowering  of  the  titer. 

Another  point  which  Shibley  investigated  was  the  effect  of 
the  H  ion  concentration  of  the  diluted  serum.     Witii  the  tempera 
tures  from  70  to  7b  C  and  H  ion  coiicentration  of  fj.4  to  7#0 
broader  inhibition-zones  appeared  at  the  higher  pH's. 

Shibley  confirmed  Jones'  observation  that  the  inhibition- 
zone  was  a  serologically  specific  phenomenon,  both  by  the  use 
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of  heated  heterologous  serum  and  by  shovTin^  that  homologous 
seruiQ,  absorbed  after  heating,  did  not  inhibit  agglutination  by 
unheated  aeruia.    How  that  we  know  more  about  quantitative  re- 
lationships existing  between  antigen  and  antibody,  hia  observa- 
tion regarding  the  influence  of  the  oonoentration  of  the  bac- 
terial suspension  upon  the  appearance  and  breadth  of  the  inhibi- 
tion-zone has  added  interest. 

One  of  his  heated  sera  developed  a  faint  opalescence  v/hioh 
could  not  be  renoved  in  the  centrifu^'C.    But  after  filtration 
through  a  Berkefeld  K  filter  this  serum  no  longer  had  an  izihi- 
bition-zone  showing  that  there  had  been  physical  alteration  of 
the  antibody,  probably  an  increase  in  size. 

Coca  and  Kelly  (15)  reported  the  \muaual  circumstance  of 
obtainixig  an  antiserum  for  H. influenzae  thBt  vvould  not  agglu- 
tinate its  hoEiologous  strain  but  would  agglutinate  heterolofrouo 
strains.    This  nonagglutinating  serum  vms  capable  of  apecifio 
inhibition,  and  it  was  possible  to  adsorb  tJie  inhibiting  sub- 
stance with  the  homologouii  orpaniam.    Such  absorbed  serum  v/ould 
no  longer  agglutinate  the  heterolo^jo-is  strains.    These  autiiors 
did  not  consider  this  naturally  occurring,  nonag^-rlutinating 
antibody  lAodified  agglutinin  or  agglutinoid.    ^^11  that  can  be 
said  is  that  ciieiiically  and  physically  it  tiight  be  ijuite  aiffer" 
ent  fron  agglutinin  modified  by  heat  or  ageing,  but reaotively, 
it  was  siriilar.     ,ie  knov/  froi.i  more  recent  work,  the  presence  in 
serum  of  combining  but  iionprecipitatiiig  antibody  is  probably  nc; 
\incoiflmon  in  the  early  stages  of  iramunizatioii.    The  presence  of 
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such  antibody  haa  been  demonstrated  by  I^ppenheimer  (65)  and  by 
Heidelberger  and  Treffer«  (37)  in  the  sarae  equine  antiovalbuniin . 

Felton  (tib)  aiid  Felton  and  Bailey  (E7)  heated  equine  aiiti- 
pneuraoooocal  aera  and  antibody-aolut ion  to  determine  the  effect 
of  heat  on  protective  power.     Type  I  aerum  after  taO  minutes  at 
66  C  showed  only  slightly  diminished  protective  power  but  it  no 
longer  precipitated  on  dilution  with  distilled  water,  t-nd  ac- 
cording to  Pelton  "...takes  on  the  pearly  sheen  of  an  alkaline 
aemra  in  solution",     iiix  saraples  of  fresh  type  I  antipiieumo- 
ooooal  serum  heated  for  30  minutes  at  i36  C  retained  their  pro- 
tective power,  while  2  sampler  of  antibody  solution  under  simi- 
lar conditions  lost  20  uiid75  per  cent  respectively  of  their 
protective  power.    The  agf,lutinative,  precipitive  and  couiplenen'i 
fixing  titers  of  both  serura  and  antibody-solution  di-opped  mark- 
edly after  they  were  heated;  the  decrease  with  the  exception  of 
the  fixiiig  titer  was  more  marked  for  scrum  than  for  antibody 
solution.    Felton  and  Bailey  ooncluded  that  che  cmtibodies  in 
antipneumoGoccal  sera,  other  thaji  the  protective  one,  v/ere  rela- 
tlvely  thermo labile •    Their  explanation  for  the  decreased  reac- 
tivity was  tlie  alkalinity  of  the  sera  -  pH  increased  by  0.3. 
Rather  than  indicating  the  presence  of  ti/o  or  more  antibodies 
with  different  thermal  lability,  probably  these  results  indicatd 
one  antibody  in  vvhioh  the  coubining  power  is  unaffected  by  heat 
and  hence  the  pov/er  to  protect  remained. 

The  effect  of  heat  upon  the  ability  of  a  seioun  to  coiifer 
passive  sensitivity  was  determined.     In  the  experiments  of 
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vifeil  (82).  which  he  repeated  eeverul  timea  with  identical 
results,  rabbit  antihorse  serum  diluted  1:10  in  physiological 
salt  solution  and  heated  for  30  minutes  at  70  C  lost  its  pov/er 
to  precipitate  but  its  pov/er  to  eensitize  v/as  only  slightly 
diiainiGhed,     Coca  (16)  said  that  he  and  Grove  found  anaphylact- 
ic antibody  slightly  affected  in  ijensitizing  pov/er  by  heating 
for  30  minutes  at  Lo  C. 

Finally,  there  appeared  in  the  German  Journals  several 
papers  presenting  the  results  of  experiments,  in  which  substances 
that  prevent  the  coagulating  effect  of  heat  on  protein,  were 
used  in  studying  the  effect  of  heat  on  imnimie  sera, 

Silber  and  Sohaecter  (72)  attributed  the  Iosl  of  agglutiiia- 
tin^;  power  in  immmie  seruia  aft«jr  it  was  heated  to  changes  in 
physical  state  and  not  to  the  destruction  of  antibody.  C'hey 
said  that  a  pll  of  8,3  to  10  or  the  presence  of  a  substance  call- 
ed fermentoid  preventeo  the  coagulation  of  serum  so  tliat  the 
alkaline  serum  could  be  heated  for  one  hour  at  70  to  90  C  and 
serum  containing  fermentoid  at  70C  without  lov/ering  the  titer. 
This  finding  of  a  favorable  effect  with  increased  alkalinity  is 
the  reverse  of  the  results  of  Streng  who,  according  to  Marrack 
09a),  found  tiiat  the  destruction  of  agglutinins  by  heat  was  muot 
accelerated  by  the  addition  of  alkali. 

Silber  and  lUkolskaja  (73)  studied  the  thermostability  of 
agglutinins  in  the  presence  of  substances  that  retard  coagula- 
tion. Hoat  did  not  affect  agglutinin  wlien  Bayer  205  or  hydro- 
chloric acid  was  present  m  the  serum;  and  the  presence  of 
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glycerol,  3  voliimea,  and  of  sucrose  in  agglutinating  seiuper- 
mitted  heating  for  60  minutes  at  76  C  witn  no  change  in  titer. 

Another  paper  by  Beilinason  ( 9  )  dealt  with  the  effect  of 
heat  upon  serum  and  upon  egg  albumin  in  the  presence  of  glycerol, 
and  suoroae.    He  found  their  physico-chemical  properties  more 
or  less  unchanged  ufter  being  heated  under  such  conditions;  the 

protective  action  of  glycerol  vms  less  than  that  of  sucrose  and 
it  varied  according  to  the  concentration,  and  the  temperature 

used.     In  a  sufficient  concentration  of  sucrose  rabbit  seinim 

was  completely  thermostabile  at  62  C  and  eg^  albumin  at  76  C. 

These  three  papers  were  read  as  abstracts  and  the  experi- 
mental details  were  not  given,  so  it  is  imposuible  to  comment 
on  the  results  reported  by  the  authors. 

During  the  second  period  some  experimental  results  report- 
ed by  earlier  workers  were  confirmed.     Investigation  of  old 
problems  was  continued,  aevt  facts  were  discovered  so  that  added 
information  about  the  effect  of  heat  upon  antibody,  as  it 
exists  in  immune  uerum  was  obtained.    The  more  important  facts 
ascertained  are  summarized  below. 

The  existence  of  somatic  and  flagellar  agglutinins  and 
their  different  resistance  to  heat  v/as  confirmed. 

The  combining  power  of  agglutinin  modified  by  heat  was 
confirmed. 

Complete  destruction  of  different  antibodies  was  observed 
when  the  antisera  were  heatea  at  64  to  90  C  for  6  to  30  Liinutesj, 
and  the  formation  of  modified  agglutiiiin  v/ith  the  appearance  of 
the  inhibition-zone  at  6E  to  80  C  for  tiie  same  length  of  time. 
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It  was  shown  that  the  oonoexitratloi:  of  H  ions,  the  oonoen- 
tration  of  neutral  salts,  the  presence  of  phenol,  and  the  con- 
centration of  the  serum  -  tiiat  ia,  whether  diluted  or  undiluted 
-  are  important  factors  in  aeterrainin^^  the  effect  of  heat  on 
immune  sera. 

Concerning  the  development  of  inhibition  and  the  inhibitioi 
zone  the  following  facts  vYere  asoertaineC ;  inhibition  is 
specific;  longer  periods  of  heating  at  lower  temperatures  are 
as  effective  in  the  formation  of  nonagglutinating  antibody  and 
the  inhibition-zone  as  shorter  periods  at  higher  temperatui  es ; 
the  pH  of  tiie  serun  heated  determines  the  width  of  the  inhibi- 
tion-zone; the  concentration  of  the  bacterial  suapensioii  used  It 
testing  the  heated  serum  is  a  factor  deterriinin^;;  the  v/idth  of 
the  zone. 

naturally  occurring,  nonagglutinating,  inhibiting  antibody 
was  observed. 

The  protective  power  of  heated  equine  antipneunocoocal 
serum  is  only  slightly  diminished,  but  the  agf;lutinative ,  pre- 
cipitive,  and  fixing  titers  are  markedly  lowered. 

Heated  imiiurie  rabbit  serum  that  do*  s  not  precipitate  its 
antigen  confers  passive  anaphylaxis. 

The  application  of  heat  under  controlled  conditions  is  a 
useful  measure  in  refining  some  therapeutic  sera. 

- 
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scientists  interested  in  the  ohemistry  of  the  proteins  have 
had  in  recent  years  the  use  of  two  important  tools,  the  ultra- 
centrifuge  and  the  Tiselius  apparatus.     Ingenious  serological 
investigations,  also,  have  contributed  to  our  present  increased, 
but  still  inadequate  knowledge  of  these  important  substances. 
All  advances  in  our  understanding  of  the  structure  and  propert- 
ies of  proteins  have  reacted  favorably  on  investigations  of 
antigens  and  antibodies.     Improved  methods  of  analysis  for  the 
constituent  amino  acids  in  proteins,  on  which  some  chemists  have 
worked  patiently  for  years,  have  justified  the  time  and  labor 
expended  upon  them.  Re-examination  of  the  theory  of  the  struc- 
ture of  proteins  by  Chibnall  (14)  has  proviaed  a  new  conception 
of  their  structure,  and  has,  perhaps,  brought  us  nearer  to  an 
understanding  of  these  complex  compounds. 

van  der  Soheer,  U;/ckoff,  and  Clark  (79)  were  the  first  to 
use  the  electrophoretic  method  of  Tiselius  in  the  study  of  heat- 
ed serum.    After  normal  e^iuine  ser^im  had  been  heated  at  65  or 
70  q  for  30  minutes  they  observed  the  presence  of  a  new  compon- 
ent   which  they  called  C.    This  component  had  the  following 
characteristics:   (l)the  electrophoretic  mobility  v/as  like  that 
of  beta-globulin;   (2)  it  arose  at  the  expense  of  the  globulins 
and  finally  the  albtimin;   (3)  it  vms  insoluble  in  distilled  water; 
(4)  it  was  heterogeneous.    Albumin  and  globulin  were  obtained  by 
ha  If- saturating  the  serum  v/ith  ammonium  sulphate.    The  solutions 
were  dialyzed  and  adjusted  to  the  voluiae  of  the  original  serum. 
When  these  solutions  were  heated  separately  there  was  no  ciiange 
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in  the  eleotrophoretio  pattern  of  the  albumin,  but  the  globulin 
developed  a  h\ige  C-peak.    The  material  responsible  for  tiiie  C- 
peajfc  oould  be  removed  by  oentrifugation  under  oonditions  that 
would  not  sediment  globulins  in  true  solution.    A  heated,  re- 
constituted serum  developea  a  C-peak  that  v/as  similar  to  the  ond 
in  the  heated  serum.     Waen  tetanal  antitoxin  was  heated  a  C  com-| 
ponent  developed  with  a  reduction  in  the  albumin,  and  T  and  V 
components.    Heated  antipneumococcal  aerum  coagulated  after  10 
minutes  at  65  C;  electrophoretio  analysis  of  the  supernate  re- 
vealed tiia  t  the  /component  had  disappeared. 

The  formation  of  the  C  component  in  antipneumooocal  semm 
was  observed  by  Krejoi  et  al  (54)  after  the  serum  had  been  heat-| 
ed  at  64  to  65  C  for  10  minutes.  This  heated  serum  retained  its 
specific  preoipitabili ty  -  one  of  two  that  did  so  out  of  the 

nine  examined  -  and  after  heatin^^  the  serum  was  found  to  oontaifl| 

more 

70  per  cent/specifically  precipitable  nitrogen.    They  .vere  able 
to  sediment  this  C  component  hy  centrifugal! zing  the  heated 
serum  at  high  speed;  the  supernatant  had  a  much  lower  concentra- 
tion of  gamma  globulin  and  no  specifically  precipitable  nitrogen 
The  redispersed  sediment  was  practically  pure  C  component  and 
most  of  it  was  specifically  precipitable  with  homologous  poly- 
saccharide. 

The  finding  of  Krejci  et  al  (54)  that  heated  antipneumo- 
oocoaL  serum  contained  aa  increased  amount  of  specifically  pre- 
cipitable nitrogen  was  confirmed  by  Hendry  and  Murdock  (^8). 
They  noted  rather  oonstautly  an  increase  of  1.2  times  with  no 
increase  in  protective  power.    In  addition  they  made  the 
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interesting  obserration  that  pneximoooooal  antibody  of  90  per  oen| 
purity,  obtained  by  disbooiutioa  from  oarboh;/drate,  behaved  dif- 
ferently depending  upon  v/hether  it  wai>  heated  in  saline  or  in 
normal  equine  serum.     In  the  latter  case  there  was  an  increab^e  i|L 
speoifioally  preoipitable  protein;  in  the  first  case  there  ittas  a 
decrease  in  preoipitable  protein  and  protective  activity. 

The  experiments  of  Jennings  ^nd  aaith  (42)  and  Krejoi, 
Jennings,  and  Smith  (55),  in  vtrhioh  equine  pneumococcal  antibody 
was  heated  in  the  presence  of  nonspecific  protein,  have  provided 
additioxial  information  about  the  inaotivation  of  antibody,  Pre- 
oipitability  of  the  serum  was  completely  lost  after  10  minutes 
at  6t>  C  but  the  water-insoluble  globulin  from  the  serum  heated 
for  the  same  time  and  temperature  retained  its  preoipitability. 
The  globulin  failed  to  precipitate  when  it  was  so  heated,  if 
previously  it  had  been  mixed  with  normal  horse  serum,  heterolo- 
gous immune  serum,  and  the  water-soluble  proteins  of  homologous 
immune  serum.    Konprotein  colloids,  and  the  following  proteins: 
gelatin,  ovalbumin  ana  myo^^en  (rabbit)  had  no  effect  upon  the 
antibody  when  it  was  heated  in  their  presence.    Casein,  however, 
did  inactivate  the  antibody  under  similar  conditions.    When  the 
heated  mixtures  containing  casein  were  examined  by  the  electro- 
phoretic  method  it  was  found  that  the  antibody-globulin  iiad 
formed  a  complex  vith  the  alpha  casein.    Antibody-globulin  of 
unchanged  mobility  was  present,  also.    These  authors  did  not  tes 
the  various  preparations  of  nonprecipitating  antibody  for  their 
combining  or  inhibiting  properties. 
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One  very  interesting  short  article  has  been  published  by 
Hardt,  Huddelson,  and  Ball  (32)  in  whioh  they  described  the 
olectrophoretio  patterns  of  unlieated  bovine  plasma,  bovine  pla8DQ4 
heated  for  60  minutes  at  6b  C,  and  bovine  plasma  saturated  with 
glucose  and  heated  for  60  minutes  at  6b  C.    The  plasma  containing 
glucose  remained  clear  and  did  not  have  a  C  component  xii  its 
pattern;  it  did  iiave  a  small  new  peajc  X  in  the  descending  patter^ 
next  to  the  alpiia-2  globulin  and  the  fibrogen,  beta  globulin 
and  ganmia  globulin  areas  were  decreased.     In  the  plasma  heated 
without  the  addition  of  glucose  a  coagulum  formed.    The  electro- 
phoretio  pattern  obtained  with  material  clear^%y  spinning  showed 
the  C  component. 

Papers  by  KleoziCOvi/sici  (i)0,51)  and  by  Bawden  and  KleczkowsJci 

(7,8)  have  dealt  with  the  effect  of  heat  on  immune  rabbit  sera. 

In  one  of  these  KleozxoiAfSici  presented  the  results  of  experiments 

with  antisera  for  a  number  of  different  antigens  some  of  which 

formed  precipitates  of  the  H-type  and  some  of  the  O-type;  the 

the  tobacco  mosaic  virus  was  used  to  exemplify  the  first  type  and 

the  tomato  bushy  stunt  vii*us  the  second.     Some  effects  resulting 

after  these  two  sera  were  heated  are  slio>ffii  below.    The  sera  were 

diluted  1:10  in  saline  before  they  were  heated. 

Tomato  Busl)y  ^itunt  Tobacco  Mosaio 

Temperature  j?recipitation    Inhibition      Ppt'xi  inhibitio|i 

10'  76  C  0  +  +0 

10»  80  C  0  -Hr  -f  0 

10'  90  C  0  0  0  0 


It  is  evident  timt  the  antibodies  for  both  antigens  were 
destroyed  at  90  G,  but  at  76  and  80  C  these  antibodies  behaved 
In  a  directly  opposite  way  virith  regard  to  precipitive  and  inhi- 
bitive  properties,    .ihen  weaker  dilutions  of  the  bushy  stunt 
antiserum  were  heated,  the  precipitating  power  was  less  affected 
and  tne  phenomenon  of  inhibition  did  not  appear,    .ihen  a  solu- 
tion of  rabbit  serum-albuiain  was  used  as  a  diluent  for  both  sera 
the  destruotive  effect  of  neat  on  precipitation  was  increased 
and  the  inhibitive  power  of  the  bushy  stunt  antiserum  was  en- 
hanced. 

The  antibody  in  these  antiviral  sera  was  separable  in  the 
euglobulin- fraction.    The  effect  of  heat  -  70  C  for  15  to  240 
minutes  -  upon  solutions  of  this  redissolvea  protein  was  deter- 
mined.    In  oocaparison  witn  whole  serum  there  was  no  loss  in  pre- 
cipitating power  of  the  antibody  for  the  bushy  stunt  virus  and 
the  antibody  for  tobacco  mosaic  was  less  affected  than  it  had 
been  in  whole  serum,     .men  these  antibouies  vifere  heatea  in  the 
presence  of  albumin  the  results  were  similar  to  those  obtained 
with  whole  serum.    The  two  antibouies,  therefore,  reacted  dif- 
ferently to  heat  only  when  the  antibody-containing  globulin  was 
heated  in  the  presence  of  other  proteins. 

Bawden  and  KleczkowsJci  (7)  obtained  some  interesting 
results  when  they  heated  various  antigens  in  saline,  and  in  a 
•olution  of  rabbit  serum -albumin.    These  are  shown  below. 
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Diluent  Antigen  Reaction  with  antiserum 

Saline (pH  7.0)  bushy  stunt  virus  flocoulution  more  rapid  and 

in  higher  dilution 

Albumin  "  combination  but  no  flocoulation 

Saline (pH  7 •0)  tobacco  mosaic        large  lose  in  serologic  activity 

Vxrus 

Albumin  "  "  slight  change  in      "  " 

Both  of  tnese  viiuiies  aft^r  being  heated  lii  tiie  presence  of 
human  sei-um-albumin  were  precipitated  by  an  antieeruDi  for  tiiis 
protein.    But  human  serum-globuim  after  being  heated  in  the 
presence  of  either  rabbit  or  human  serum-albumin,  ana  humun 
aerum-albumin  in  the  preaeiice  of  rabbit  serum-albumin,  combined 
with  but  did  not  precipitate  with  tueir  specific  antisera.  Thus 
these  experiments  sho^^f  that  the  plant  vii'uses  can  form  complexes 
with  proteins  of  animal  origin  uiitLer  the  influence  of  heat.  Alsd, 


that  proteins  of  different  animal  origin  can  form  complexes  when 
they  are  heated  together. 

In  a  later  paper  Bawden  and  Kleozkowsici  (8)  investigated 
the  antigenicity  of  some  of  these  complexes  by  injecting  rabbits 
with  virus  and  with  human  serum  globulin  both  complexed  with 
rabbit  serum-albumin.    Tne  antisera  obtained  appeared  to  be 
identical  with  those  produced  by  rabbits  when  normal  virus  or 
globulin  was  used  as  an  antigen.    The  nonpreoipitating  oomplexea 
fixed  complement.    Theae  same  authors  made  an  extensive  study  of 
the  effect  of  heat  on  the  precipitating,  fixing,  and  inhibiting 
power  of  aotisera  to  bushy  stunt  and  tobacco  mosaic  viruses. 
The  results  are  tabulated  below. 
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Preoipitation  Fixation  Inhibition 

At  76  C 

bushy  stunt  virus  0  -t-  + 

tobacco  mosaic  virus  +  4-0 

At  80  C 

bushy  stunt  virus  0  + 

tobacco  mosaic  virus  0  +  ? 

They  found  tiiut  the  power  to  neutralize  infectivity  and  to  fix 
oompLement  were  equally  affected  by  heat.     The  antisera  for 
tobacco  mosaic  virus  lost  all  their  serologic  reactions  alraost 
simultaneously,  but  the  other  antisera  lost  the  pov/er  to  preci- 
pitate before  the  other  reactions  were  affected. 

Finally,  KleczkowaJci  (52)  detemined  the  influence  of 
▼arious  salts  in  different  concentrations  upon  the  formation  of 

ooraplexes  when  solutions  containing  proteins  were  heated.  He 

the 

found  thaty effect  of  salts  depended  upon  the  salt  used  and  its 
concentration,  and  the  pll  of  the  solution,  -  that  is,  v/hether 
it  was  on  the  alicaline  or  acid  side  of  the  isoelectric  point  of 
the  proteins. 

There  remain  to  be  discussed  a  fe.v  studies  that  deal  with 
the  effect  of  denaturat in^^  agents  other  tiian  heat  upon  the  sero- 
logic activities  of  immune  sera.    Heurath  and  his  associates 
have  published  many  papers  dealing  with  the  denaturing  effect  of 
heat,  urea,  and  guanidine  hydrochloride  on  proteins;  in  one  of 
these  studies  antipneumoooccal  serum  v/as  ufcicd.    All  of  the  v/ork 
)»ears  directly  or  indirectly  upon  the  problem  of  denat\iration  of 
antibody.    But,  since  tne  related  problem  of  the  denaturation  of 
proteins  could  properly  be  the  subject  for  a  lon^  thesis,  it  wilH 
be  possible  to  mention  only  a  few  of  their  papers. 
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Heupath,  Cooper^  and  Eriokson  (61)  found  that  urea  and 
guanidine  hydrochloride  oauaed  a  large  inoreuae  in  the  relative 
Tisooaity  and  a  deorea&e  in  the  diffusion  oonstant  of  solutions 
of  crystalline  o juiae  serum-albumin,  but  the  molecular  v/eight  of 
the  protein  did  not  uiypour  to  change.    They  thought  these  change^ 
were  due  to  an  increased  molecular  aeymcietry  resulting  from  an 
unfolding  of  the  molecule,    3ach  concentration  of  urea  or  guani- 
dine  hydroohloride  probably  represented  a  certain  stage  in  the 
unfolding  process.    Cooper  and  Ueurath  (17)  stated  tiiat  heat 
effected  changes  in  viscosity,  diffusion,  and  electrophoretic 
pattern  of  this  same  protein.    The  pH  and  ionic  strength  of  the 
aolutiona  were  important  factors  in  these  changes.    After  being 
heated  in  a  solution  of  pH  7.6,  the  albumin  differed  from  the 
native  in  average  particle  size  and  siiape,  in  electrophoretic 
mobility  and  pattern,  and  in  susceptibility  to  tryptio  digestion 
The  changes  in  mean  particle  shape  at  this  pK  were  small  in  com- 
parison v»rith  those  produced  by  concentrated  solutions  of  ui'ea  or 
guanidine  hydz'ochloride,  and  the  ohaxiges  did  not  indicate  unfold 
ing  of  the  molecule, 

A  certain  amount  of  reversal  of  denaturation  was  postJible 
after  the  crystalline  albumin  had  been  denatured  by  urea  if  the 
urea  was  removed  by  dialysis.    The  regenerated  protein  resembled 
the  native  in  size  and  shape  but  differed  in  solubility,  electrof- 
phoretic  pattern  and  in  response  to  tryptic  digestion.  Erickson 
andijeurath  (23)  concluded  that  the  regenerated  protein  lacked 
"...the  specific  intrinsic  configuration  of  the  native  protein". 
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TJiey  immunized  rabbits  with  the  nativo  and  with  the  regenerated 
compound.  With  tv7o  exceptiOiis  the  native  stimulated  the  produc- 
tion of  a  much  larger  amount  of  antibody  th£in  the  regenerated 
protein.  All  the  antiregenerated  aera  had  an  identical  corabining 
capacity  for  both  proteiiia,  but  two  of  the  antinative  ser*.  v/ere 
able  to  combine  with  b  to  8  times  as  much  native  protein  as  they| 
were  with  regenerated  protein.  They  considered  these  two  pro- 
teins to  be  immunologically  e cjuivalent.  Doubtless  they  »/ere 
with  some  of  the  sera  but  certainly  not  v/ith  others.  I'hey  con- 
cluded that  the  phyaico-ohemioal  properties  which  they  studied 
were  not  important  in  determining  the  antigenicity  of  the  native 
protein. 

Neurath  et  al  (62)  reported  that  the  effect  of  urea  on 
equine  pseudoglobulin  was  similar  to  the  effect  on  the  albumin, 
but  the  effect  of  guanidine  hydrochloride  differed  dependi/ig 
upon  the  concentration. 

In  a  short  article  in  Science,  Erickson  and  IJeurath  (24) 
reported  one  experiment  in  which  guanidine  hydrochloride  was  use^i 
to  denature  antipneumococcal  antibody  for  the  type  I  polysacc- 
haride.   The  antibody  was  obtained  by  dissociation  of  the  speci- 
fic precipitate.    The  total  amount  of  precipitable  nitrogen  was 
determinea  for  the  untreated  antibody,  for  regenerated  antibody, 
and  for  irreversibly  denatured  antibody.    The  antibody-antigen 
ratios  for  these  thiee  preparations  were  aifferent;  there  was  a 
difference  too,  m  the  per  cent  of  the  total  antibody  that  was 
precipitable.    The  aut.iors  considered  their  results  did  not 
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support  Pauling's  hypothesis  that  the  differeaoe  betv/een  antibody- 
globulin  and  normal  globulin  xa  merely  one  of  steric  arranf-emenli 

The  denaturing  effect  of  urea  on  concentrated  diphtheric 
antitoxin  was  studied  by  v/right  (84).    Pappenheimer  et  al  (66) 
had  reported  previously  that  this  antitoxin  was  not  destroyed  by 
•trong  urea  solutions,    t/right  used  ui'ea  in  cone entrt^t ions  of 
1#9  to  7.6  molar  allowing  the  antitoxin  to  reciain  in  contact 
with  the  urea  for  48  hours.     The  urea  was  then  removed  by  dialy- 
sis.   One  hundred  per  cent  of  the  flocculating  find  neutralizing 
activity  remained  in  some  of  the  samples,  but  the  time  of  floc- 
oulation  increased.     Sixty  percent  of  the  neutralizing  power  re- 
mained in  a  sample  that  did  not  flocculate  in  the  Ramon  Test. 
The  H  ion  concentration  was  an  important  factor  in  the  denatui*a- 
tion  of  the  antitoxin  by  urea;  the  least  effect  was  found  at  pH 
8«    The  inactivation  pf  antitoxin  at  pH  7.82  in  a  concentration 
of  7 #5  molar  urea  was  found  to  be  a  first  order  reaction  with 
respect  to  the  antitoxin. 

.bright  explained  the  denaturing  effect  of  uiea  on  antitoxin 
Oil  the  basis  of  Pauling's  theory  of  the  nature  of  antibody  in 
that  he  considered  the  urea  competed  for  the  hydrogen  bonding 
affinity  of  the  peptide  linkage  and  perhaps  by  breaking  other 
hydrogen  bonds.    The  loss  in  flocculating  power  he  attributed  to 
the  formation  of  univalent  aatibod;/. 


There  is  a  fairly  eztenelTO  literature  dealing  with  the 
effect  of  lUtraviolet  light  and  photo-oxidation  on  proteins.  ▲ 
few  papers  have  appeared  in  which  the  results  of  photo -oxidation 
of  antibody  were  described.    Hiarris  (33»34)  studied  the  photo- 
oxidation  of  plasma,  and  some  proteins  and  amino  uoids.    He  founi, 
that  hematoporphyrin,  chlorophyll,  and  certain  dyes  increased  thi 
the  Telocity  of  the  oxidation  of  plusmii.    Although  many  proteins 

would  talce  up  oxygen  when  exposed  to  the  radiations  of  the  mer- 
cury arc,  gelatin  did  not.    Most  amino  acids  were  insensitive  to 

these  radiations  but  tryptophane  and  tyrosine  absorbed  oxygen  at 
a  rapid  rate. 

Henry  (39)  investigated  the  photochemical  despeciation  of 
eguine  serum  as  a  possible  solution  of  the  problem  of  sensitivit;* 
to  foreign  protein.    Sormal  horse  serum  was  irradiated  for  3  to 
4  days  with  visible  light  or  with  ultraviolet  light  of  Icnown  in- 
tensity  and  wave  length.    Determination  of  the  antigenioty  of  th( 
treated  senim  was  made  using  guinea  pigs  and  rabbits.    He  stated, 
"fresh  antigenicities  of  deviated  specificity  and  of  an  activity 
of  the  order  of  l/60th,  1/ 100th,  and  less  than  1/20, 000th  that  oj 
normal  horse  serum  were  obtained".    There  was  a  residual  content 
of  material  having  the  aame  antigenic  activity  as  normal  equine 
serum  approxinately  equivalent  to  l/lOOQ,  1/10,000.  and  1/100,00(| 
that  of  the  untreated  serum.    There  is  much  interesting  material 
In  the  disouse ion-sec txon  of  thxs  paper  that  it  is  impossible  to 

consider  in  detail. 

Ross  carried  out  experiments  to  determine  the  photodynamic 
action  of  methylene  blue  and  light  on  antipneumocoocal  serum 
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(69),  and  on  diphtheric  antitoxin  (68).    These  two  sera  were  af- 
fected diff erexitly;  contrary  to  tiie  usual  experience  in  studies 
of  denaturation,  the  antipneumocoocal  ser\im  v/as  the  more  resist- 
ant.    In  the  case  of  the  antitoxin  botii  the  neutralizing  and  floo- 
oulating  power  was  lost.    The  antipneumococoal  serum  siiowed  re- 
duced precipitating,  ag^^lutinating,  and  protective  powers.  How- 
ever, it  would  combine  with  its  antigen  even  though  it  was  alter* 
0d.    tVhen  this  latter  seruiii  was  diluted  in  normal  serum  the  loss 
of  agglutinating  power  was  leas  than  it  was  whexi  the  serum  was 
diluted  in  saline  and  exposed  to  tiie  photodynamic  actioii  of  lighi 
and  ffletnylene  blue. 

In  the  same  year  thut  Ross  published  his  papers,  a  short  on< 
on  the  same  subject  appeared  by  Zia,  Chow,  axid  T*ung  (83).  They 
used  antityphoia  serum,  antipneumococoal  serum  t^ype  I,  diphtheric 
antitoxin,  and  purified  antipneumocoocal  serum  type  I.    The  dyea 
used,  eosin  and  methjflene  blue,  v/ere  found  to  have  similar  actioii 
although  the  optimal  conceutration  was  liot  tiie  same  for  both.  Th« 
titers  of  the  H  and  0  agglutinins  in  the  antityphoid  serum  .vere 
much  reduced;  the  reduction  was  greater  for  the  0  agglutinin.  Th6 
neutralizing  power  of  the  antitoxin  was  reduced,  and,  also,  the 
amount  of  specifically  preoipitable  nitrogen  obtained  from  the 
antipneumococoal  serum. 

Recently  Tyler  (76,77)  and  Tyler  and  Swingle  (78)  have  pub- 
lished papers  dealing  with  the  photo-oxidation  of  sera.     In  the 
first  of  these  Tyler  used  agglutinating  and  precipitating  sera 
prepared  in  rabbits.    The  agglutinating  and  precipitating  power 
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was  destroyed,  but  the  ability  to  corabine  specifically,  -  aa 
shown  by  inhibition  of  untreated  eera  -  .ms  retained.    The  alter 
•d  antibody  ;ms  nondialysiuble  and  could  be  salted  out  at  one 
half  saturation  vfith  aimiaoniuia  aulpiiate.    reparation  of  this 
fraction  with  amonium  sulphate,  followed  subaequently  by  irra- 
diation showed  that  the  agglutinin  was  resistant  to  exposui'es  3 
to  4  times  those  required  to  inactivate  v/hole  serum.     In  the 
second  paper  further  experiments  v?ith  rabbit  serum  were  present- 
•d,  and  some  experiments  with  diphtheric  antitoxin.  AntiseiAim 
for  sheep  erytiir oocytes  prepared  in  tiie  rabbit  and  photo-oxidized 
to  the  point  where  it  had  a  maximal  inliibitive  titer  sho«i^ecL  a 
60-fold  reduction  in  its  direct  anaphylactic  action  on  guinea 
pigs.    Two  photo-oxidized  rabbit  antipneumoooccal  sera  that  wouKl 
not  precipitate,  but  would  inhibit,  had  progressively  decreased 
ability  to  confer  passive  sensitization  in  guinea  pigs.    The  pro4' 
tective  value  of  the  sera  ^ns  reduced  one  iialf  and  one  twelfth 
respectively.    Photo-oxidation  of  diphtheric  antitoxin  resulted 
in  a  60-fold  reduction  in  its  power  to  shocJc  guinea  pigs  active- 
ly sensitized  witn  untreated  serum,  but  in  only  a  2-fold  reduc- 
tion in  its  capacity  to  neutralize  toxin. 

In  a  tnird  study  by  Tyler  and  iiwiiigle  (70)  the  protective 
Talue  of  photo-oxidized  antipneumocoooal  rabbit  serum  and  diph- 
theric antitoxin  was  determined.    The  antipneumoooccal  serum, 
photo-oxidized  to  tlie  point  wiicre  it  would  no  longer  precipitate 
with  its  antigen, had  approxirantely  one  lialf  its  protective 
power  for  mice.    »«ith  further  treatment  ihe  protective  value 
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dropped  off  irapiclly  to  zero  while  tiie  inhibiting  titer  passed 
tJirough  a  maximum.    By  salting  out  with  ammonium  su)^phate  and  by 
electrophoresis  tney  .vere  able  to  separate  a  precipitating  and 
protective  antibody  from  a  treated  serum.    The  diphtheric  anti- 
toxin was  more  resistant  to  photo-oxidation.    After  it  became 
nonf loo oula ting,  it  had  the  same  antitoxic  value  as  the  control. 
Afl  photo-oxidation  was  continued  the  antitoxic  value  v?as  slowly 
reduced. 

Tyler,  and  Tyler  and  Svyingle  explained  all  tiieir  results  on 
the  premise  tliat  univalent  antibody  was  produced  as  a  result  of 
photo-oxidation  of  the  immuiie  seru.     In  the  sera  subjected  to 
eleotrophoretio  analysis  they  observed  an  increase  in  mobilities 
and  a  decrease  in  tne  nuraber  of  components.    This  finding  v/as 
considered  indicative  of  an  interaction  of  the  scrum  proteins. 

ii.  paper  by  Smetana  and  Shenin  in  which  they  reported  the 
results  of  studies  on  photo-oxidation  of  antigen  and  antibodies 
was  overlooked  when  the  bibliography  v/as  arranged.    This  paper 
appeared  in  the  Jouriial  of  lixperimental  Medicine  in  1941,  volume 

pages  223  to  242.    The  antisera  studied  were  rabbit  anti- 
ovalbumi_i  and  the  gamma  globulin  from  this  serum,  equine  anti- 
pneumocoocal  serum  and  Felton*s  antibody  solution.  Kematopor- 
phyrin-HCl  was  used  as  the  sensitizer.    As  photo-oxidation  was 
continued  the  anount  of  specifically  precipitable  nitrogen  de- 
creased and  less  antigen  was  required  to  produce  the  maximal 
precipitance.    The  sera  were  neither  tested  for  inliibitive  pro- 
perties, nor  for  coiiibining  power  after  the  ability  to  precipitate 
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was  almost  gone.     In  an  attempt  to  find  an  explanation  for  the 
altered  reaotivity  of  the  sera  the  per  cent  of  tyrosine,  trypto- 
phane, cystine,  and  noncofc(ga]able  nitrogen  was  detemined  for  un- 
treated and  for  photo-oxiuized  ]eiton  antibouy-solution  and  for 
the  gamma  globulin  obtained  from  the  rabbit  ant i -ovalbumin  serum. 
There  was  no  ohange  in  the  amino  acids.    The  noneoagilable  nitro- 

1  gen  was  slightly  inoreasea  in  the  ease  of  tiie  antibody  solution. 
The  per  oent  ol^ooagulable  nitrogen  was  doubled  in  the  solution 
of  gamina  globulin,  but  Smetana  and  Shemxn  uid  not  ooiisider  this 

j  significant.    They  thought  splitting  of  the  molecules  was  not  iU'> 
dicated.    Photo-oxidation  caused  a  marked  alteration  in  the  el- 
eotrophoretio  patterns  of  the  sera,  and  when  these  sera  were  spu-i 
In  the  ultracentrif uge  there  was  an  mcreasea  sedimentation  rate 
indicating  the  formation  of  ag^  regates. 

The  discussion  of  tne  results  obtained  in  this  period  by 
Investigators  usin^  different  methods  of  denaturating  antibody 
will  follow  the  section  on  experimental  work, 

EXPERIMEIJTAL  .VORK 
The  object  of  the  experimental  work  was  to  determine  the 
•ffect  of  moderate  heat  on  the  flocculating  and  combining  pro- 
perties of  antihemooyanin.    Moat  of  the  experiments  were  carried 
out  with  an  e<juine  antihemooyanin  obtained  from  a  horse  that  had 
rsoeived  a  series  of  injections  of  tiie  hemocyanin  obtained  from 
the  blood  of  Buaycon  canaliculatum.    The  fifth  bleeding  was  used 
in  all  tne  experiments  with  this  serum.    Rabbit  antihemooyanin 
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was  used  in  a  fev?  experiments.    The  hemocyanin  used  as  antigen 
was  obtained  by  isoelectrio  precipitation  from  the  blood  of 
Busyoon;  it  was  twioe  reprecipitated  ciaicing  a  total  of  tiiree 
preoipi tat ions. 

?reli;iinary  experiments,  carried  out  in  1940,  showed  that 
the  equine  antihemocyanin  after  being  heated  at  b7  to  70  C  for 
20  to  30  minutes  would  no  longer  flocculate  when  mixed  with 
Tarying  amounts  of  hemocyanin.    However,  the  heated  antiserum 
would  inhibit  maricedly  and  specifically  the  flocculation  of  un- 
heated  iserum  wnen  it;  was  present  in  m optimally  flocculating 
Bixture.    Flocculation  was  delayed  for  many  minutes  up  to  tiiree 
or  four  days.    The  mixtures  containing  heated  antiserum  gave 
more  precipitate  than  the  oontrol-mixt\iie. 

Between  Hovember  1940  and  ilaroh  1944  six  different  samples 
of  eqfuine  antihemocyanin  v/ere  heated  for  ?.0  or  30  minutes  at  68 
to  70  C.    After  they  were  iieated,  all  except  sample  #6  were  test" 
•d  for  f locoulative,  inhibitive  and  additive  properties.  The 
typical  procedure  is  shown  below.    The  most  rapidly  flocculating 
amount  of  antigen  for  O.o  ml  of  a  1:6  dilution  of  the  unheated 
•erum  was  determined,  and  this  amount  of  hemooyauin  contained  in 
0.&  ml  of  saline  was  used  in  testing  the  inhibiting  power  of 
heated  serum. 
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inhibition  shown  by  heated  sample 

Unheated  ml  0,Zb  0.2b  0.2b  0.2b  0.2b  0.25  0.2b  0.25  0.26  - 
1:2.6 

Heated      ml  0.2b  0.22  0.20  0.17  0.14  0.12  0.10  O.Ob      -  0.26 

1;2.6 
Sol.  of 

ilntigen    al  O.b    O.b    0.6    O.b    O.b    O.b    0.6    0.6    O.b  0.6 

Time  in 

minutes                                                    300    108    60  16 
*Voluines  were  adjusted  to  0.6  ml  with  salt  solution  before  the 
dilution  of  antigen  was  added. 

After  48  hours  the  remainin^^  tubes,  with  the  exception  of  the 
tube  oontaining  heated  aerura  only,  contained  flooculent  precipi- 
tate. 

Samples  1  to  b  dia  not  flocculate  with  antigen  after  they 
were  heated,  and  all  of  them  when  tetsted  as  shown  above  delayed 
or  completely  inhibited  flocoulation  of  uniieated  serum  aiid  henio- 
oyanin.    Those  tubes  in  whxch  flocoulation  oooui'red  after  the 
mixtures  had  stood  for  24  hours  or  longer  contained  larger 
amounts  of  precipitate  than  the  control  to  which  no  heated  serum 

was  added.    The  different  samples  showed  some  variation  in  the 
degree  of  their  inhibitive  and  additive  properties.    They  were 
the  least  marked  in  sample  ^3.    Tnis  sample  was  heated  in  an 
amount  of  1000  ml  while  the  others  were  in  amounts  of  30  to  100 
ml.    It  is  possible  that  this  larger  volume  did  not  attain  a 
temperature  of  69  to  70  C  throughout.    As  the  serum  a^f^ed  it 
tended  to  become  more  viscid  when  it  was  heatea,  and  tended,  als 
to  lose  rather  quickly  the  inability  to  form  precipitate  with 
antigen. 

The  amount  of  nitrogen  present  ixi  washed  precipitates  ob- 
tained from  various  mixtures  of  unlieated  and  heated  serum  and 
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antigen  was  determined  by  the  mioroicjeldahl  method.    Samplee  1  td 
5  were  tested  lor  additive  effects  in  a  mixture  containing  opti- 
nal  ^antitiea  of  unheuted  serum  and  antigen,  samples  I  ^nd  2  for 
additive  effects  in  a  mixtui'e  containing  a^i  excels  of  antiserum, 
and  samples  £  and  4  for  buoh  effectis  in  a  mixture  containing  an 
•xoess  of  antigen.    The  uniform  procedure  used  in  preparing  the 
mixtures  -vas  to  pipette  into  the  tube  the  araounts  of  heated  and 
unheated  seruM,  then  tne  hemocyania,  and  finally  saline  in  suf- 
ficient amount  to  bring  the  contents  of  each  tube  to  the  same 
▼olurae.    Table  I  shows  in  detail  the  reaultb  of  such  experiments 
with  sample  #2,     Inspection  of  this  table  shows  tiiat  the  presenco 
of  1/4  to  1-1/2  volumes  of  heated  antiserum  in  tne  mixtures  caus- 
ed about  the  same  increase  m  the  precioitate  in  each  zone  as 

I 

shown  by  the  araount  of  nitrogen  present.    The  presence  of  net  ted 

normal  e  juine  serum  in  different  mixtui-es  of  unheated  antihecio- 

oyanin  did  not  increase  the  araount  of  precipitate  fonaed.  The 

same  result  was  obtained  with  heated  diphth<;ric  antitoxin  in  the 
optimal  zone;  it  ^/?as  not  added  to  the  other  mixtures.     In  one 
instance  a  mixtui-e  of  heated  serum  and  hemocyanin  was  prepared, 

and  the  unheated  serum  was  adued  after  the  luixtui-e  imd  stood  for 

48  hours  in  the  icebox.    There  was  no  precipitate  lu  the  mixture 

before  the  addition  of  unheated  serum,     ihe  auiomxt  of  precipitatr 

obtained  following  its  adaition  was  tiie  same  as  that  obtained 

from  a  mixture  prepared  in  the  usual  way. 

Table  II  shows  the  increase  in  the  aiaoujit  of  precipitate 

obtained  witn  samples  1  to  4  of  heated  antihemoc^'anin  when  they 
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SPSCIFICAIiy  PRECIPITABLE  HITROGEH  OBTAIlTia)  FROii  MIXTURE^ 
GOUIAIIflfiG  BOTH  imH^TED  oKRUM  A]iD  im^'Sl^J)  SAiklPI^ 


Optimal  Zone 


ml*' 

633fi 

heated 

dil.l;4 

Antigen-N 

Inoreas 

0.16 

0.16 

100 

492 

1.4 

0.16 

0.32 

100 

ii70 

1.6 

dil.l:2 

0.16 

0.3E 

100 

3£0 

1.8 

0.16 

0.48 

100 

3£3 

2.0 

0.16 

0.64 

100 

413 

2.3 

Zone  of  Antigen-exoeaa 


633r         6336  Antigen-N  Ppt-N  Inorease 

ri:it4  ^  ^ 

O.IE         0.12  260  477  1.3 

0.12          0.24  250  621  1.8 

undil.  ^  „ 

0.1           0.1  200  696  2.3 

0;i2          0.18  24)0  1026  2.9 

0.243           -  600  742 

Zone  of  Antibody-exoesB 


633^ 

6335 

ml 

heated 

ml 

0.4 

0.1 

0.4 

0.2 

0.4 

0.4 

0.4 

0.6 

0.4 

Antigen-N  Ppt-ll  Increase 

140  688  1.4 

140  864  1.7 

140  1031  2.1 

140  1069  8.1 
140  ^^00 


177  -/H^  N  expected  from  0.08  ml  6335  t  100 /j^antigen-H 


TABLE  II 


THE  INCRiiUiSE  IH  ^OTii-L  jeRECIPIT-euBlE  NITROGEN  WITH 
DIFFEREHT  SiuiPLES  OF  HEiiTED  E  OJirii:  aHTIHEMOCYANIN 

In  an  optimal  mixture  of  uiiheated  serun  and  hemocyanin 
In  mixtures  prepared  in  the  zones  of  antigen  and 
antibody-exoess 

Optimal  Mixture 

Vol.  of  Increase  in  ppt-N 

heated  serum  Sample 

1        2        3        4  1* 

1/4  1.4 

1/3  1.6 
1/2  1.6 

2/3  2.3 

aa  3.6  1.8 
1-1/2  2.0 
2x  2.0 
3x 
4x 

{jx  5.0 
6z  i).3 

""The  mixt\ires  were  prepared  2  years  later  than  the  first. 
These  mixtures  were  at  the  antigen-excess  end  of  the  opti- 
mal zone. 

Sample  ;*3  gave  same  precipitate  with  hemocyanin  alone. 


1.8 

2 

2.7 

2.2 

3 

6.0 

2.4 

4 

6.0 

2.9 

ij.4 

(7.6 

(6.2 

37c 


TABLE  II  (Coiitiiiued) 


Zoae  of  AiitigQii-Exceas  (2x) 


Vol.  of 

heuted  serum 


Increase  in  ppt-H 
aample 
2        2*^  4 


1-1/E 
2x 
4z 


1.3 
1.8 
2.3 
2.9 


1.7 


2.1 
6.3 


*Thla  sample  was  1  year  old  when  this  mixture  was  made. 
At  this  time  other  mixtures  v/ere  made  containing  3  to  4 
times  the  optimal  amount  of  aiitigen.    The  unlieated  gave  no 
precipitate  with  this  quantity.    There  was  no  marked  pre- 
cipitate until  3x  volume  of  heated  was  added;  with  a  4x 
volume  of  heated  there  was  a  very  large  increase  in  the 
precipitate. 


Zone  of  Antibody-Excess 


Vol.  of 

heated  serum 


Increase  in  ppt-K 
Sample 
1*  2 


1-1/ 
2x 

4x 


0 

0 
0 
0 


1.4 
1.7 
2.1 
2.1 


Heated  sample  2  years  old.  There  was  no  precipitate  in  the 
control  containiiig  in  one  case  unheated  and  hemocyanin, 
and  in  the  other  heated,  and  hemocyanin. 
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were  present  in  the  different  mixtures.    Although  there  were 
some  differences  in  the  increase  found  with  the  various  samples 
the  trend  was  the  same  in  all.     It  was  not  certain  that  maximal 
increase  obtainable  was  obtained;  but  in  socie  instances  there 
was  a  leveling  off,  for  example  in  sample  »;ith  the  exoeptioji 

of  #1  there  viras  increaaed  precipitate  in  all  three  zoiies;  this 
sample,  which  had  been  heated  about  two  years  previous  to  the 
time  the  mixtures  v/ere  made,  did  not  add  to  the  precipitate  la 
the  zone  of  antibody-excess. 

The  precipitates  formed  in  mixtui-es  containiii^-  hetited  serum 
were  very  soft  and  hydrophilic  in  character  so  they  were  very 
difficult  to  separate  and  wash  satisfactorily.    lor  this  reason 
the  determinations  of  the  total  nitrogen  in  precipitates  from 
duplicate  mixtures  often  did  not  check  so  closely  as  is  desirabl 
Even  so,  the  increases  were  of  such  an  order  there  could  be  no 
doubt  that  the  presence  of  heated  eerum  had  caused  a  larger 
amount  of  precipitate  to  be  formed.     In  the  first  experiments 
the  ordinary  centrifuge  was  used  iii  separating  the  precipitates* 
Later  it  was  found  that  the  angle  oeiitrifuge  was  much  more  ef- 
fective in  separating  this  very  hydrophilic  material,    ./hen  some 
samples  of  heateu  serum  were  diluted  in  saline  and  i,pun  in  the 
angle  centrifuge  the  formation  of  a  lower  viscid  layer  was  ob- 
served.   Probably  this  layer  was  similar  to  the  gelatinous  but- 
ton described  by  ICreJoi,  Smith,  and  Dietz  vjhich  the^'  ob- 
tained fi'om  ntjated  equine -tHifb  antipneumoc  oocal  scrum  when  it 
was  spun  at  high  speed. 
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After  preo  ipitation  had  taicen  place  in  a  mixtui*e  oontainiiig 
optimal  amounts  of  serum  and  hemooyanin,  the  eupernate  was  sepa- 
rated in  the  centrifuge  and  then  removed  from  the  precipitate. 
This  supernate  heated  for  30  minutes  at  b8  to  70  C  did  not  cause 
the  formation  of  inci*eased  precipitate  v^hen  it  was  present  in  an 
optimal  mixture  of  unheated  uerum  and  antigen.  Also,  this  heat- 
ed supernate  hud  no  inhibitiii^-  properties. 

It  was  assumed,  wrongly  perhaps,  that  since  the  heated 
serum  did  not  flocculate  when  diluted  and  tested  in  the  us\ial 
way  that  it  would  not  yield  a  precipitate  when  mixed  undiluted 
with  heraocyanin.    The  fiiidliig,  that  some  of  the  samples  yielded 
specific  precipitates  after  some  months  of  storage  in  the  ice- 
box, indicated  tliat  the  precipitability  of  all  subseq[uently 
heated  samples  should  be  determined  soon  after  they  were  proces- 
sed.   At  the  time  it  was  annoying  to  fina  that  as  the  serum  aged 
the  samples  subjected  to  heat  appeared  to  be  more  precipitable. 
The  increased  alkalinity  of  the  stored  aerum  could  be  a  factor 
in  this  changed  reactivity  of  the  heated  samples,    i^fter  further 
study  it  beoane  apparent  tliat  this  apparent  regeneration  of  the 
ability  to  precipitate  was  an  interesting  fact. 

The  results  obtained  when  heated  samples  irl,  #t!,  and 
were  mixed  with  antigen  only  are  set  forth  in  table  3.  Samples 
and  }A  did  not  precipitate  with  an  amount  of  iiemooyanm  tliat 
was  optimal  for  the  unheated  serum;  other  amounts  were  not  tried. 
Sample  which  was  heated  in  a  large  volume  shovifed  little  dif- 
ference from  the  unneated  m  the  few  mixtures  prepareu;  after  a 
short  heheating  it  behaved  liice  ^tj  in  table  III;  that  is,  when 


c 


TkBLE  III 

SPECIFICAIIY  PRSCIPITABLB  NITROGEN  OBTAIL-ED 


Sample  1 


December, 

Sexnim 

Aiitigeii-H 

nX 

0«5 

150 

0.6 

250 

0.5 

600 

unheated 

O.d 

500 

trace 
(728 
(880 
(1720 
(1628 

869 


Sample  6 

Maroii  20, 

1944* 

Serum 

Anti^en-N 

Ppt-H 

ml 

0.2 

140 

962 

0.4 

140 

1683 

0.6 

140 

2127 

0.4  + 

ealine 

no  ppt 

Qnheated 

0.5 

100 

212 

Sample  6 
March  24,  1944* 


Serum 

Antigen-H 

Ppt-H 

X«0 

1200 

720 

x.o 

940 

650 

x.o 

625 

1725 

x«o 

350 

1850 

1.0 

310 

2425 
(1710 

x«o 

160 

(1218 

Uiiiieatea  633k 
March,  1944 


Serum 

Antigen -N 

Ppt-N 

oa 

AU[ 

1.0 

2000 

2320 

1.0 

1400 

1970 

1.0 

800 

1668 

1.0 

400 

1090 

1.0 

200 

430 

Sample  1  was  heated  on  11/13/40 

Sample  5  was  heated  on  3/18/44 

Sample  6  was  heated  on  3/20/44 

*Date  on  which  the  mixtureB  were  prepared 
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the  volume  of  serura  was  kept  constant  and  the  amount  of  antigen 
decreased  the  precipitate  increased.     It  vvas  evident,  there- 
fore, that  even  though  some  lote  of  heated  serum  would  precipi- 
tate apeoilioally  with  antigen,  the  zone  where  precipitation  oc- 
curred differed  marjcedly  from  that  of  the  uniieated  serum.  There 
waa  no  precipitate  when  cri^atalline  ovalbumin  was  used  instead 

of  hemooyunin.    Perhaps  all  the  samples  of  heated  serum,  even  thij 
early  ones,  would  have  precipitated  specifically,  if  the  correct 
proportions  of  antiser\im  and  hemocyahin  had  been  uetermined. 

The  experiments  wi^h  heated  rabbit  serum  were  not  so  ex- 
tensive as  tho^e  .vith  e^iuine  aerum.    There  was  no  doubt  that  the 
heated  rabbit  serum  would  inhibit  specifxcally  the  precipitation 
of  unneated  seram,  but  convincing  proof  that  it  incroasod  the 

amount  of  precipitate  was  not  obtained. 

The  results  of  the  experiments  can  be  sumcmrized  as  follows; 

1.  Equine  antihemocyanin  heated  at  67  to  70  C  for  20  to  30 
minutes  combined  with  antigen  but  lost  its  power  to  precipitate 
with  amounts  of  antitexi  that  .'/ere  optimal  for  tlie  unheated  serum  • 

2.  Heated  atr^im  ijoiiibited  for  many  minutes  up  to  tiixee  or 
four  days  the  specific  floooulatioa  of  unhet^ted  serum. 

3.  The  presence  of  heated  serum  in  mixtures  of  unheated 
serum  and  neraocyunin  caused  slight  to  marked  increases  in  the 
amount  of  precipitate  that  formed.    The  jtdditioiial  amount  of 
precipitate  varied  somewliat  with  the  age  of  the  heated  sample 
and  with  the  age  of  the  serum  at  the  time  the  sample  was  heated. 

4.  The  increase  in  precipitate  indicated  that  heating  had 
oaused  the  forraution  of  complexes  between  antibody-globulin  and 


« 


aerologioally  inert  protein. 

Heated  norioal  serum  and  heated  heterologous  immune  seruo 
neither  inhibited  the  foruation  of  nor  added  to  the  amouiit  of 
speoifio  precipitate. 

6.  Some  samples  of  heated  aerum  appeared  to  regain  the  pro- 
perty of  apecifio  precipitation. 

7.  Those  samples  of  heated  tliat  aiu  precipitate  specifical- 
ly differed  from  the  unheated  serum  in  yielding  tiie  larger 
amounts  of  precipitate  with  the  smaller  iuantitie^j  of  hemocyanifl 

6.  Heated  rabbit  antihemooyanin  inhibited  specifically  the 
precipitation  of  uiiiieated  rabbit  antihemocyanin. 

DISCUJSIUH  iUID  SUiaii'^RY 
The  results  obtained  in  the  experiments  tArith  e(|Liine  anti- 
hetflocyanin  v/ere  similar  to  thotie  obtained  by  other  investigators 
using  different  serolo^uoal  systeus.    There  have  been  several 
reports  of  the  specific  inhibitive  effect  of  heated  antiserum 
(45,i:-0,71) .    Krejoi  et  al  (^4)  and  Hendry  and  ilui  aock  (38)  found 
an    increased  amount  of  specifically  precipitable  nitrogen  in 
heated  antxpneumococcal  sera,     tthen  crude  sera  were  heated  or 
when  purified  antiboay-^<lobulin  vms  heated  in  the  presence  of 
non-specific  protein,  arid  then  spun  at  high  speeds,  several  work 
•PS  obtained  evidence  of  the  fornuition  of  complexes  (i)l,&4,79). 

Kleozlcov?8Jcl  (51),  Bawden  and  Kleczkowsjci  (7)  with  serological 
methods  and  Jennings  and  Smith  with  the  olectrophoretio 
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aetiiod  were  able  to  siiow  thac  proteins  of  siiiilcir  or  of  differenii 
origin  would  form  complexes  when  tiiey  v/ere  heated  together  in 
solution.    There  was  evidence  of  tome  selective  action  because 
the  antipneunioooocal  antibody  would  not  form  complexes  with  all 
proteins.    The  fact  that  in  the  case  of  ant ipneumoc cecal  beruni 
(38)  the  amount  of  specifically  precipitable  nitrogen  increased 
without  a  correspondingly  increased  protective  value  for  the 
serum,  is  a  definite  indication  of  the  serologically  inert  char- 
acter of  tne  aaded  protein.    By  electrophoretic  analysis,  van  der 
Soheer  et  ai  (79)  were  able  to  demonstrate  the  presence  of  a  new 
oomponent  in  both  heated  noriiiul  equine  serum  and  in  heated  im- 
mune equine  serum.     With  the  saiae  method  Ball  et  al  {6)  found  a 
similar  component  in  heated  noroial  bovine  serTim.    Cooper  and 
Heurath  (17)  who  worked  with  a  very  pure  protein,  crystalline 
liorse-serum  albumin,  observed  changes  in  mean  particle  shape  of 
the  molecules  after  solutions  of  tliis  protoin  had  been  heated. 
They  attributed  the  change  to  an  aggregation  of  the  molecules  of 
protein. 

Thus,  the  hypothesis  that  complexes  are  formed  v/hen  crude 
sera  are  heated  or  when  antibody-^.dobulm  is  heated  in  the  pres- 
ence of  non-specific  protein  is  supported  by  tlrie  results  of 
quantitative  chemical  determinations,  by  serological  methods,  by 
tlec tropiioretic  methods,  and  by  sedimentatioii  of  the  complexes  by 
oentrif ugation  at  high  speed. 

Kleozkowski  (51)  t nought  tiie  action  of  heat  on  cr^ade  anti- 
serum involved  two  changes:  first,  a  stage  when  active  di3ulphid< 
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groups  can  be  detected  and  the  ohan^TSd  particles  form  into  large 
complexes;  second,  a  staf<,e  of  farther  alteration  in  which  anti- 
body loses  its  activity,    ^fter  the  first  stage  antibody  retain- 
ed its  combining  pov/er  for  antigen,  but  whether  or  not  it  retained 
its  preoipitatiiig  power  depended  upon  the  other  proteins  present 
and  the  complexes  formed  after  both  ./ere  broken  dov/n.  Ilrejci, 
Smith  and  Dietz  (64)  agreed  with  Kleozkowsici  in  explaining  that 
the  alteration  in  heated  serum  v/as  first  a  denaturing  process 
and  second  an  aggregating  process.    Possibly  iCleczJcowsiii* s  ob- 
servations (51)  of  tlie  importance  of  tiie  albumin  globulin  ratio 
in  determining  the  effect  of  heat,  may  explain  the  different 
results  obtained  when  sera  from  different  bleedings  of  the  same 
animal,  or  when  sera  from  bleedings  of  different  animals  are 
heated.  For  example,  samples  of  serum  from  the  fourth  bleeding 
of  e'juine  antihemooyanin  coagulated  when  they  were  heated  under 
conditions  tiiat  did  not  cause  coagulation  of  samples  of  serum 
from  the  fifth  bleeding.    Also,  it  has  been  reported  tliat  some 
antipneumococcal  sera  v/ill  retain  their  precipitability  after 
they  are  heated  at  64  to  o;.  C  while  others  lose  it  entirely. 

It  is  pertinent  at  this  point  to  discuss  the  experiments  of 
Hardt,  Iluddelson  and  Ball  hi  which  tiiey  foiuid  that  bovine 

tenira  saturated  with  glucose  did  not  develop  the  C  component  when 
it  was  heated  while  serum  without  glucose  dia  so.    Relative  to 
thia  finding  are  the  . experiments  of  Ball  et  al  (3)  in  which  they 
found  tiiat  the  presence  of  several  sughrs  including  glucose  tend* 
#d  to  prevent  the  formation  of  i>ll  groups  when  ovalbumin  v/aw 


denatured  by  heat*    These  results  suggest  that  the  gluoose  pre- 
Tented  the  breaking  down  of  tlie  proteins  in  the  serum  so  that 
the  C  component,  which  appears  to  form  as  a  result  of  aggrega- 
of  diverse  elements,  was  not  formed. 

.Vhen  most  immune  sera  are  denatured  by  heat,  by  photo-oxi- 
dation, and  by  the  action  of  urea,  the  pov/er  of  specif io  preci- 
pitation or  agglutination  is  lost  but  the  power  of  specific  com- 
bination is  retained.    Other  demonstrated  effects  are  the  forma- 
tion of  complexes  due  to  the  effect  of  photo-oxidation,  and  an 

•ffeot  on  linkages  involving  S-S  or  -SH  groups  in  the  case  of 

heat  or  urea.    Eagle  (19)  and  Eagle  et  al  (20)  made  the  s\igges- 
tlon  that  the  loss  of  visible  reactivity  with  homologous  anti- 
gea  in  sera  treated  with  formaldehyde  or  combined  with  various 
dlazo  compounds  was  due  to  the  formation  of  highly  soluble  anti- 
body.   He  pointed  out  that  antipneumoooooal  serum  treated  with 
an  amount  of  formaldehyde  Just  sufficient  to  destroy  its  preoipl 
tating  properties  also  made  the  antibody-globulin  more  soluble, 
ahown  by  the  fact  that  it  did  not  precipitate  when  the  ^erum  was 
Alluted  with  distilled  water.    He  pointed  out,  also,  that  Felton 
and  Bailey  (27)  had  found  heated  antipneumoooooal  serum  did  not 
precipitate  when  it  was  diluted  with  distilled  water.     It  is 
oonoeivable  that  denatui-ation  by  the  different  methods  causes  a 
■olubilizing  effect  so  that  antibody  can  combine  but  not  show 
▼isible  reactivity.     If  the  antibody-globulin  reacts  to  form  a 
compound  with  the  more  soluble  serum  proteins,  the  result  would 

be  more  soluble  antibody.    Other  possible  results  of  the  action 
Of  denaturing  agents  that  would  make  antibody  more  soluble  could 


be  splitting  of  the  moleoule  into  smaller  units,  the  unfolding 
of  the  moleoule  thus  bringing  more  polar  groups  into  action.  A| 
was  stated  above,  the  evidence  at  present  indicates  that  com- 
plexes are  formed.    Besides  ti:ie  faciior  of  the  increased  solubili« 
ty  of  these  complexes  it  is  possible  that  they  combine  with  a 
smaller  amount  of  antigen  due  to  steric  hindrance  or  to  the 
complete  loss  of  some  of  the  combining  sites  in  the  polymerizing 
process.    Only  in  the  case  of  the  photo-oxidation  of  diphtheric 
antitoxin  (78)  has  it  been  shown  that  nonf loo cula ting  antibody 
retained  its  full  combining  capacity.    Senaturation  by  urea  (84) 
resulted  in  the  loss  of  60  per  cent  of  its  neutralizing  power 
before  it  became  nonf loc cula ting.    Inspection  of  table  III  shows 
that  those  samples  of  heated  antihemocyanin  that  did  form  preci- 
pitates with  antigen  had  a  much  altered  combining  capacity.  Re- 
generated antipneumooocoal  antibody-globulin,  which  had  been  de- 
natured by  guanidine-HCl  (24),  had  a  much  increased  antibody- 
antigen  ratio  with  only  10  per  cent  less  preoipitable  nitrogen 
than  the  undenatujed  preparation.    This  indicates  a  reduced  com- 
bining capacity  for  antigen. 

It  is  generally  recognized  that  when  proteins  are  denatured 
by  heat , reactive  SH  groups  can  be  detected,    iihen  urea  is  used 
as  a  denaturing  agent  there  is  some  change  involving  the  S-S  or 
-SH  groups,  and  in  some  cabes,  for  example  ovalbumin,  when  de- 
naturation  is  effected  by  photo-oxidation.    The  idea  that  these 
linkages  are  important  in  the  immunological  behavior  of  proteina 
was  stated  by  Blumenthal  (11)  who  used  crystalline  serum-albumin 


(eqaine)  and  orystalline  ovalbumin,    she  stated  "...either  that 
the  S-S  and  -SH  groups  may  be  among  the  specific  chemical  groups 
involved  in  antigen-antibody  combination,  or  that  the  reduction 
of  the  S-S  linkage  may  split  the  antigen  molecule  into  unite 
which  are  too  small  to  give  the  same  immunological  response  as 
the  original  protein".     It  has  been  sug^;ested  by  others  (14,84) 
that  the  S-S  or  thiol-ester  linicage  are  important  in  maintaining 
the  configuration  of  the  native  protein.    Smetana  and  Shemin(p.3J) 
could  not  find  any  detectable  difference  in  the  S-S  and  -SH 
groups  in  photo-oxidized  antibody  although  others  have  consider- 
ed that  changes  did  occur  in  them  when  proteins  were  photo-oxi- 
dized.   They  did  not  find  any  change  in  the  content  of  tyrosine 
tryptophane  contrary  to  results  reported  by  others  when  protein 
was  photo-oxidized.    Tnese  autxiors  thought  alteration  of  anti- 
genicity due  to  photo-oxidation  was  not  selective  but  incidental, 
The  best  explanation  of  the  formation  of  SH  groups  and  their  re- 
lation to^s^ruotural  integrity  of  native  protein  has  been  offered 
by  Chibnall  (14)  in  his  analysis  of  the  structure  of  protein  in 
the  light  of  recent  work,  especially  the  more  accurate  deteniiina* 
tions  of  the  amino  acid  content  of  certain  proteins.    He  thinks 
that  the  thiol-ester  linkage,  R.CO.S.R* ,  is  one  of  the  linkages 
binding  the  units  of  the  protein  molecule.    Hydrolysis  of  this 
linkage  would  result  in  the  formation  of  SH  groups.    His  ideas 
of  protein  structure  vfill  be  discu£>sed  in  detail  later.  He 
thinks  hydrogen  bridges  could  hold  together  some  of  the  subunita« 
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The  folding  of  polypeptide  chains  into  a  layer 
held  together  by  imino-carbonyl  bonds. 

(  Pauling,  L.  ,  1940  J.Am.  Ohem.  Soo.,  62,  2643  ) 
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The  importance  of  the  hydrogen  bond  was  stresBed  earlier 
by  Pauling  (67) ,  and  his  conception  of  the  structure  of  protein 
will  be  considered  first.    He  said  that  a  stable  configuration 
of  protein  would  result  from  the  presence  of  as  many  strong 
hydrogen  bonds  as  possible.    According  to  his  concept,  the  mole- 
cule of  protein  consists  of  parallel  layers  of  polypeptide  chain^ 
in  which  the  hydrogen  bond  is  important  in  holding  together  the 
parallel  chains  of  a  layer,  as  shown  in  the  diagram  on  the  op- 
posite page.    The  protein  would  be  composed  of  several  such  lay- 
ers parallel  to  one  another,  as  he  said  like  a  stack  of  pancakes 
these  stacked  layers  being  held  together  by  aide-chain  inter-  - 
actions.    According  to  Pauling  it  is  the  configurations  of  the 
ends  of  the  chains  of  antibody-globuliii  tiiat  are  important  in  itj^ 
apeoifio  action.    In  considering  the  effect  of  denaturing  agents 
he  said  there  was  one  stable  configuration  of  the  central  part 
of  the  molecule,  so  that  it  was  probable  the  more  labile  charac- 
teristic conf igiirations  at  the  ends  of  the  molecule  were  destroyf 
ed  before  the  central  part  of  the  molecule  was  affected.  It 
should  be  stated  here  tiiat  available  evidence  indicates  (juite  a 
lot  of  alteration  of  the  antibody-globulin  occurs  before  its 
■pecifio  combining  capacity  is  lost.    Most  antibody  as  it  occurs 
In  serum  loses  first,  only  its  ability  to  show  visible  reaction 
with  specific  antigen  and  not  its  capacity  for  specific  combina- 
tion. 

Chibnall's  conception  of  the  structure  of  protein  will  be 
considered  and  compared  with  Pauling* s  conception.    Both  accept 
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(A.G,  Ghibnall  1942  Proc.  Roy.  Soc.B,  1^1  ,126) 
Three  peptide  ohains  ooupled  through  terminal  lifikages 
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the  idea  of  sereral  ohains,  made  up  of  a  xxuxabor  of  amino  acid 
residues,  that  are  held  together  by  some  sort  of  linicage. 
Pauling  emphasizod  the  importance  of  the  hydrogen  bond,  Ghibnall 
said  tiiat  this  could  be  one  means  of  maintaining  the  structure,  ' 
but  he  has  offered  several  other  possible  explanations  of  the  wa^r 
in  which  the  polypeptide  chains  are  arranged  in  the  molecule. 

In  hia  paper  Ghibnall  considered  in  detail  the  structure  of 
edestin,  (^-laotoglobulin,  ovalbumin,  and  insulin.    He  said  that 
these  proteins  contained  b,  9,  about  4  and  18  polypeptide  ohainaj, 
respectively.    Regarding  edestin,  he  said  the  following:  (1)  AH 
the  constituent  peptide  ciiains  are  of  lilce  composition  (2)  It 
contains  432  amino  acid  residues  or  a  multiple  thereof  (3)  The 
smallest  possible  molecular  unit  has  a  molecular  weight  of 
60,000,     In  support  of  the  figure  60,000  as  the  molecular  weight 
of  one  of  the  six  similar  constituent  units  he  cited  the  appar- 
ent molecular  weight  of  49,000  observed  by  Burk  and  Greenburg  in 
a  6,66  M  solution  of  urea.    This  would  indicate  he  said  that  de- 
naturation  caused  a  breaking  of  the  molecule  into  its  six  com- 
ponent units,  and  the  molecular  weight  of  300,000  computed  from 
the  velocity  of  sedimentation  and  the  measurement  of  diffusion 
supports  this  idea. 

In  his  analysis  of  the  structure  of ^-laotof:^lobulin  he  has 
postulated  different  ways  in  which  the  constituent  units  could 
be  held  together  in  the  molecule,    in  this  protein  the  eight  or 
Aine  peptide  chains  present  were  not  considered  identical.  The 
various  linka,.;e8  suggested  are  shown  on  the  opposite  page.  The 


linkat^ea  suggested  are:  the  ester  liiikage,  R.CO.O.R',  the  imide 

linkage,  R.CO.IJH.CO.R' ,  the  thioL-ester  linage,  R.CO.S.R*.  If 

these  linkages  are  present  in  protein  between  terminal  residues, 
the  arrangement  would  be  as  in  figure  1.    If  they  are  present 

as  oross-bridgea  leaving  the  chains  with  free  teroiinal  groups, 
the  arrangement  would  be  as  in  figure  2.    If  the  linJcages  are 
Bide-ohain  bridges  of  the  ester  and  thiol-ester  type,  the  ar- 
rangement would  be  as  shown  in  figure  3.    Suoh  a  link  could  oon-j. 
sist  of  one  or  more  residues.    He  pointed  out  that  the  data  for 
laotoglobulin  fail    to  satisfy  the  Bergmann-Niemann  hypothesis 
and  the  reason  might  be  because  each  oluiin  does  not  contain  the 
same  number  or  sequence  of  residues.    He  thought  the  hydrolysis 
of  the  thiol-ester  linkage  provided  a  more  satisfactory  explana- 
tion of  the  appearance  of  SH  groups  when  protein  is  denaturated 
than  the  supposition  that  these  groups  are  the  result  of  actual 
cleavage  of  the  S-S  linkage  due  to  reduction. 

It  is  interesting  to  consider  some  of  the  reported  findings 
in  denaturation  of  proteins  and  antibody  witii  regard  to 
Chibnall's  conception  of  proteic  structure.    When  Keurath, 
Cooper  and  Brickson  (bl)  denatured  equine  crystalline  serum-albu^' 
min  they  found  that  the  ratio  of  the  axes  of  the  molecule  con- 
sidered as  a  prolate  ellipsoid  changed  from         to  16.6  in  8  M 
urea,  and  from  6.0  to  E0.9  in  8  M  guanidine-HCl.    Changed  ratios 
were  observed,  also,  by  these  authors  for  equine  pseudoglobulin 
when  these  denaturating  agents  were  used.    They  thought  that  the 
molecule  gradually  unfolded  in  the  presence  of  the  denaturing 
agents  with  the  extent  of  the  unfolding  dependent  upon  ths 


60 


oonoentration  of  ui-ea  or  guanidine-HCl.    However,  the  moieculur 
weight  remained  unchanged,  whioh  aoes  not  indioc*te  depolymeriza- 
tion  of  the  molecule.    The   jueation  ariaea  v/hether  proteins 
having  the  structure  disouabeu  above  could  unfold  if  the  oroee- 
linicagea  between  the  peptide  chains  vvere  broken  and  the  molecule 
flattened  out.    3uch  a  change  would  certainly  alter  the  ratio  of 
the  axes.    Heurath  et  al  (62)  for»«d  evidence  tht^t  in  3  M  guani- 
dine-HCl the  molecule  of  pseuaoglobulin  fcsplit  in  halves  aa  it 
unfolded.    3ince  the  ratio  of  tne  axes  returned  to  very  near  thalj 

of  the  native  protein  wiien  the  denatui'ing  agents  were  removed, 
it  is  necessary  to  assume  some  degree  of  refolaing  or  re-assem- 
bling of  the  peptide  chains  in  the  regenerated  protein,  ./hen 
Cooper  and  Heurath  (17)  denatured  the  serum  albumixi  with  heat, 
they  thought  tne  changes  in  mean  particle  shape  did  not  furnish 

•vidence  of  the  unfolding  of  the  molecule.    But  there  \/a8  evidenc 
of  fragmenting,  since  electrophoretic  analysis  of  the  heated 
solution  revealed  the  presence  of  two  components  although  the 
solution  of  native  protein  had  contained  only  one.  Depending 
upon  the  pH  of  tae  solution  there  v/as  evidence  of  aggregation  of 
the  molecules  with  an  increase  in  mean  particle  size.    Thus  thesif 
results  are  evidence  of  a  breaking  down  of  the  molecule  and  a 
repolyraerizinfi  of  some  of  them  into  larger  molecules. 

If  a  molecule  of  protein  can  unfold  as  a  result  of  the 
hydrolysis  of  cross- linkages  and,  also,  refold.  If  it  can  break 
into  separate  units  ohat  re-unite,  there  ure  possibilities  for 
different  structural  patterns  in  the  molecule  after  it  has  been 
denatured.    It  la  possible  that  the  speoifiolty  of  antibody- 
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globulin  depends  both  on  a  certain  oomposition  and  sequence  of 
of  the  amino  aoide  in  the  peptide  ohains,  and  upon  the  arrange- 
ment of  these  ohains  in  the  native  protein.  If  these  chains  tird 
not  broken  during  denaturation,  tne  order  and  number  of  the 
amino  acid  res-Lduea  would  remain  unchanged,  in  repoiymerizatioii 
of  tne  ohains  resulting  in  increased  molecular  size,  some  of  the 
combining  sites  may  be  destroyed  or  become  unavailable  due  to 
steric  hindrance.  There  is  evidence  to  show  that  regenerated 
antibody,  ifhich  was  preoipitable  to  within  10  per  cent  of  the 
amount  of  the  native  antibody,  ooiibined  v/ith  less  antigen. 

Probably  linJcuges  other  tlian  the  thiol-ester  one  are  brokeni 
during  denaturation,  but  the  breaking  of  this  one  is  easily  de- 
tected. If  it  is  true,  aa  Heixry  (39)  has  cited  from  the  work  of 
others,  that  the  effect  of  ultraviolet  radiation  and  photo-oxi- 
dation is  to  loipture  lin^ca  in  the  peptide  cliains  adjacent  to 
aromatic  residues,  it  is  possible  to  think  of  the  nolecule  being 
sliced  parallel  to  its  short  axis  without  breaking  of  cross- 
linka^:es.  Tnis  would  explain  the  splitting  off  of  fractions  of 
low  molecular  weight.  ..ooording  to  this  author's  finuings,  even 
though  fragments  were  split  from  the  molecule,  the  result  of 
ultra  oentrifugation  suggested  increased  size  of  the  protein  due 

to  aggregation. 

In  conclusion  it  is  possible  to  say  that  there  is  evidence 
of  fragmentation  and  of  aggregation  of  molecules  of  protein  in 
the  various  methods  of  denaturation. 
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CONCLUiilOHii 

iiome  antibodies  wlien  denatured  by  heat,  by  urea,  and  by 
photo-oxidatioii  retain  the  abxlity  to  combine  bpeoifioally ,  but 
lose  the  ability  to  preoipitute  or  ag^5lutinat,e  their  antigens. 

Antieera  that  oan  no  longer  precipitate  specifically  after 
they  are  heated  can  confer  pasbive  anaphylaxis. 

The  protective  power  of  heated  antipneuraocoocal  serum  is 
slightly  reduced,  but  the  agglutinative,  precipitive  and  fixing 
titers  are  markedly  lowered. 

The  teraperature  at  which  the  antibody  in  imriune  eera  is 
destroyed  has  been  found  to  vary  from  64  to  90  c  for  short 
periods  of  heating. 

The  formation  of  altered  but  combining  and  ixihibiting  anti- 
body ocoura  when  immune  sera  itj  heated  at  62  to  80  C  for  short 
periods  or  after  it  is  heated  at  lower  temperatures  for  longer 

periods. 

The  pH  of  the  heated  serum  is  one  factor  that  determines  th| 
width  of  the  inhibition-zone. 

The  destruction  of  antibody  by  heat,  like  the  denaturation 
of  antibody  by  heat  appears  to  follow  a  unimolecular  course. 

Factors  that  are  important  in  the  denatui-ation  of  antibody 
by  heat  are  the  follovi?xng:  the  presence  of  non-specific  protein, 
the  H  ion  concentration,  the  concentration  of  neutral  salts,  and 
the  concentration  of  tne  serum. 

Diphtheric  antitoxin  denatiiruted  by  urea  retains  some  of 
its  neutralizing  capacity  after  it  no  longer  flocculates. 

,men  immune  sera  are  photo-oxidized  iniiiibiting  power 
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develops,  but  the  povter  to  shook  passively  as  an  antibody  or 
actively  aa  an  antif^en  is  reduced,    i^t  the  point  of  raaxicial  in- 
hibiting power  thebe  latter  properties  ure  practically  destroyed 

Photo- oxidized  rabbit  antipneumocococxl  serum  tiiat  inhibits 
but  does  not  precipitate  hat;  reduced  protective  pov/ei*.  ,/ith 
further  treatment  the  protective  capacity  tiisappeurs  but  the 
inhibiting  titers  pass  tiirou^^h  a  maxicium. 

The  neutralizing  property  of  diphtheric  antitoxin  is  more 
resistant  to  photo-oxidation  than  the  protective  property  of  anti- 
pneumococcal  serum. 

In  the  denaturation  of  immune  sera  by  heat,  by  ui'ea,  and 
photo-oxidation  there  is  evidence  for  the  formation  of  compiexea 
between  antibody-globulin  and  the  non-specific  proteins  in  seinim 

It  is  probable  the  effect  upon  antibody  in  immune  seinim 
that  is  common  to  denaturation  by  heat,  by  urea,  and  by  photo- 
oxidation  is  a  solubilizing  effect. 

Penaturation  of  protein,  and  perhaps  of  antibody,  by  heat 
and  by  urea  probably  hi^s  the  common  effect  of  ciltering  tne 
sulphur  liiiicage. 

One  ciiaracteribtic  of  denatui-ed  antibody  that  retains  its 
power  of  specific  precipitation  is  an  altered  ant  i  bo  ay-ant  i^,^en 

ratio. 

The  increased  amount  of  specifically  precipitable  nitrogen 
obtained  from  heated  e  juine  antifcera  is  due  to  the  complex  form- 
ed bet.Teen  antibody  and  non-specific  protein. 

The  author  of  this  thesis  wishes  to  acknowledge  the  assis- 
tance and  advice  of  her  major  professor  and  first  reader.  Dr.  ii. 
B.  Eoo^ex,  and  of  her  second  reader,  Dr.  W.  C.  Boyd. 
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ABSTRACT 

Studies  dealing  witii  the  effeot  of  xieut  upon  immuxie  aera 
can  be  divided  conveniently  ixito  three  periods.    The  first 
period  extended  from  the  late  eigiiteen  nineties  to  about  1910. 
Thia  was  an  exploratory  period  in  which  some  prelininary  studied 
of  the  denaturing  effect  of  heat  were  made.    The  following  faot^ 
were  reported;     (1)  Antibodies  can  be  destroyed  by  heat  but  the 
critical  temperature  is  not  the  same  for  all  antibodies  (2) 
Antibodies  present  in  the  different  fractions  of  serum  appear 
to  differ  in  their  thermal  lability  (3)  ijpeoies  differences  may 
exist  with  regard  to  the  resistance  of  antibody  to  heat  (4) 
Normal  and  inmiune  antibodies  may  differ  in  tiieir  lability  to 
heat  (5)  Agglutinoida  and  preoipitoids  are  formed  when  immune 
sera  are  heated  (6)  Flagellar  and  somatic  agglutinins  can  be 
differentiated  by  their  resistunce  to  heat  (7)  Certain  substanodfs, 
for  example,  urea,  that  prevent  the  coagulation  of  protein  v/ill 
prevent  destruotioii  of  agglutinins  (B)  In  many  instances  the 
destruction  of  antibody  by  heat  occurs  as  a  unimolecular  reac- 
tion. 

The  second  period  in  the  investigation  of  the  denaturing 
effect  of  heat  upon  immune  sera  e::tended  from  1910  to  1934).  The| 
scope  of  the  invetitigatioas  was  greater  tnan  it  v/as  dui'ing  the 
earlier  period.    Some  of  the  earlier  observations  were  confirmed! 
and  adued  information  was  acquired,    kany  factors  of  importance 
in  the  concentrating  aaa  purifying  of  therapeutic  sera  by  the 
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aid  of  heat  were  ueterminecL ,  duoh  tiB,  tiie  proper  temperature, 
the  tiiae  ot  heating,  the  pH  of  the  aerum  and  tne  oonoentration 
of  neutral  salta.    There  were  many  xnves tigations  of  the  effect 

of  heat  upon  flagellar  and  Bomatio  ag^lutxnina .    The  phenomenon  | 

or  i 
of  inhibition  was  the  subject  of  one/more  thorough  studies. 

Conolusive  evidence  was  presented  of  the  specific  character  of 

inhibition  by  heated  immune  sera,    ^Iso,  it  was  shown  beyond 

1 

doubt  that  heated  nonagglutinating  sei-a  combined  specifically  j 
with  their  antigens.    The  presence  of  inhibiting  but  nonag^lut-  ^ 
inating  antibody  was  reported  in  a  native  immune  serum.     It  wae  I 
found  that  some  heateu  sera  retainea  their  protective  and  pas-  | 
sively  sensitizing  properties  after  the  precipitating  or  agglut-| 
inating  property  was  lost.    Toward  the  end  of  the  period  eubs- 
stanoes  liice  urea,  glycerol,  sucrose  that  prevent  the  coagula- 
tion of  protein  by  heat  were  studied  for  their  effect  upon  the 
denaturation  of  immune  sera  by  heat.    They  had  a  protective  in- 
fluence on  the  antibody  when  they  were  adued  to  immune  sera  befo: 
the  sera  were  heated. 

■ 

Darxag  the  last  few  years  the  understanding  of  the  denatura* 
tion  of  antibody  by  heat,  uaii  by  other  methods  has  been  further- 
ed by  increased  itnowleage  of  the  properties  of  proteins,  oero- 
logioal  studies,  elec trophoretic  studies,  and  studies  in  which 
the  ultraoentrifuge  v*as  used  have  contributed  to  our  knowleage 
of  antibody.    Utilization  of  all  these  methods  has  brought  out 
the  following  facta:   (1)  In  some  immune  sera  denatured  by  varioui 
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methode  the  antibody-globulin  forms  oomplexes  with  the  non-  j 
speoifio  protein  and  loaea  ita  power  of  preoipitatin^'  or  agglu-  ^ 
tinuting  its  antigen.    Otner  Jjerologioui  properties  suoh  as  tne  j 
powei'  to  ooiQbine  apeoif ioally ,  to  inhibit,  to  protect,  and  to  1 
neutralize  toxi-n  are  retained  to  var^fing  degrees  aepending  upon  j 
the  extent  of  the  denaturation. 

The  experimental  vfoxK  preaentea  confirmed  the  results  of 
others  in  providing  evidence  of  the  formation  of  complexes  be- 

tween  antibody-globulin  and  serologically  inert  protein.  | 

1 

A  possible  explanation  of  the  effect  oj'  denaturation  in  the 
light  of  recent  concepts  of  the  structure  of  protein  was  pre- 
sented. 

1 
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